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GENERAL INTRODUCTION 
Infection of a susceptible host with a living parasite leads to 
disturbance of the very complex equilibrium that exists not only in­
side the vertebrate host and the parasite, but also between the or­
ganisms themselves. The event triggers mechanisms to restore the 
balanced situation. The strength of the signals and the effects pro­
voked ( i . e . parasite proliferation and the effectiveness of host de­
fense mechanisms) determine the outcome of the infection. Some of 
the signals are of benefit to the host and because the vertebrate 
host is our main concern these are called protective reactions. Oth­
er signals are harmful to the host and called pathological reactions 
(Wyler 1977, Kreier & Green 1980, Eling 1982). Some host-parasite 
combinations are lethal to the host, some combinations are lethal to 
the parasite and some combinations result in a (temporary) symbio­
sis of host and parasite. The latter state can be harmful to the 
host resulting in clinical disease and is called chronic infection. If 
the symbiosis does not result in clinical disease it is called premuni-
tion (Kreier & Green 1980, Eling 1980a). It seems logical to assume 
that all intermediate forms can be found. 
Unsuccesful host-parasite combinations i . e . those that lead to 
fulminant disease and finally death of the host can be made succes-
ful by shifting the balance between protective and pathological re­
actions to the protective side. In several experimental models this 
has been achieved by totally different means. Stimulation of the 
mononuclear phagocyte system prior to infection may protect mice 
against infection with Plasmodia or Babesia species (Clark ef al. 
1976). Chemotherapeutic treatment of the host during primary infec­
tion can result in a symbiosis in which treatment is not obligate 
anymore (Eling & Jerusalem 1977). The same accounts for the influ­
ence on the erythropoietic system as a result of massive bloodtrans-
fusion. This treatment given prior to (Coutinho personal communica­
tion) or during a primary infection (Hejna ef al. 1974) can prevent 
death of the host. Finally, injection of the host prior to infection 
with parasite derived material may lead to the generation of protec­
tive immune reactions that enable symbiosis of the parasite and the 
host or even sterile immunity (Siddiqui 1980, Holder λ Freeman 
1981). 
A bulk of data is present on the effects of injection of parasite 
derived material into the host on the outcome of a subsequent ma­
laria infection. Succesful immunizations against erythrocytic malaria 
have been carried out with dead parasites (Playfair 1978), parasi­
tized erythrocytes (Poels et al. 1977), Brown ef al. 1985) and iso­
lated parasite molecules (Holder & Freeman 1981). It is important to 
point out that immunization was only complete after the animals had 
survived a transient infection (Brown ef al. 1986). This suggests 
that the initial attempted immunization only caused a shift from im-
munopathological to immunoprotective reactions and did not induce 
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solid immunity. The perfect balance between parasite and host was 
only achieved after infection with the live parasite. 
The systems mentioned above are part of a much larger Equi-
librium consisting of the species in relation to each other and to 
their environment. This implicates that interference with the System 
at any level influences the balance between the species, resulting in 
changes in degree of infection and disease. In eradicating malaria 
interference in the parasite host relationship is carried out at all 
levels. Destruction of the invertebrate host by insecticides (Bruce-
Chwatt 1980), actions to disturb the mosquitos' habitat but also 
chemotherapy of infected vertebrate hosts (Peters 1980) and immu-
nization of the vertebrate host (Siddiqui 1980) are examples of the 
ways to decrease the disease rate. 
After the failure of the WHO-program to eradicate malaria by 
control of the mosquito population with insecticides and the para-
sites by chemotherapeutics emphasis was put on the defense mecha-
nisms of the host against the parasite. Several lines of strategy 
have been developed, all with appreciable results: 
1. Immunization against the parasite stage that enters the host, 
to interfere with infection of the liver cell (Verhave ef al. 
1978, Cochrane et al. 1980) 
2. Immunization against the erythrocytic parasite stages to inter-
fere with asexual proliferation (Siddiqui 1980, WHO 1984a) 
3. Immunization against the sexual parasite stages to interfere 
with sexual proliferation of the parasite ( i . e . sporogony) in 
the invertebrate host (Carter & Gwadz 1980, Vermeulen et al. 
1985) 
In a broad sense these strategies have in common to disturb 
the parasite-host cycle, and once established will reduce the occur-
rence of malaria. 
Because this study describes defense mechanisms of the mouse 
against the erythrocytic stages of Plasmodium berghei parasites we 
shall restrict to this area in summarizing the results obtained and 
described in literature so far (Chapter I ) . Aspecific defense mecha-
nisms of the mouse against the infecting agent i . e . the complement 
system and the mononuclear phagocyte system have been investi-
gated and are described in Chapter II and Chapter III. These s y s -
tems can cooperate with specific defense mechanisms of the host i . e . 
antibodies generated as a result of immunization. These antibodies 
can lead to opsonization of parasites and parasitized infected red 
blood cells (Chapter III and Chapter IV). The specificity of anti-
bodies of this immune mouse serum has been determined to find a 
molecular basis for the protective effects. Some of the antibodies 
found are reactive against autologous erythrocytes and possible re-
lations with pathology (Chapter V) and immunity (Chapter VI) were 
investigated. Other antibodies showed specificity for parasite spec-
ific molecules in extracts of infected erythrocyte suspensions 
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(Chapter VII). Investigations were undertaken to determine the de-
velopmental parasite stage against which these antibodies are direc-
ted (Chapter VII). Attempts have been made to produce heterolo-
gous antibodies against one of the immunogenic parasite specific 
molecules to localize the antigen in the parasitized erythrocyte and 
to determine the possible protective effects. These experiments are 
described in Chapter VIII. Results and major conclusions are sum-
marized in the last chapter. 
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CHAPTER I 
IMMUNE RESPONSES TO ERYTHROCYTIC MALARIA* 
K. Neil Brown1, Klaus Berzins , William Jarra1 and Theo Schetters 
1. INTRODUCTION 
Essential prerequisites for investigation and accurate definition 
of the protective immunogeniclty of parasitized erythrocytes at the 
molecular level are awareness of both the nature of asexual erythro-
cytic infection and of the characteristics of protective immunity to 
malaria. One difficulty is that under conditions of natural transmis-
sion with repeated reinfection, protective immunity at the individual 
level is difficult to evaluate. Fortunately infection of man under 
controlled conditions, either during the treatment of neurosyphilis 
or by infection of volunteers, has provided much relevant informa-
tion. Although the parasites used were neither cloned nor charac-
terized by defined genetic markers, they did provide a reliable 
guide to the nature of human malaria. These studies demonstrated 
that the initial prolonged, often dangerous and sometimes, if left 
untreated, fatal phase of relatively high fluctuating parasitemia re-
solves quite suddenly. The timing of this resolution varies greatly, 
being in the order of 2-3 weeks after patency for Plasmodium falci-
parum and up to 19 weeks for P. malariae (Kitchen 1949). Subse-
quently one or more blood derived recrudescences may occur. With 
P. vivax and P. ovale later parasitemias also arise from persistent 
exoerythrocytic forms in the liver. Gametocytes infective for the 
mosquito, although appearing early in the parasitemia often become 
most abundant after asexual parasitemia has waned. 
Division of Parasitology, National Institute for Medical 
Research, London, United Kingdom 
Department of Immunology, University of Stockholm, 
Stockholm, Sweden 
Department of Cytology and Histology, University of Nijmegen, 
Nijmegen, The Netherlands 
Published in Clinics in Immunology and Allergy (1986) 6, 227-249 
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3) 
In general, the parasite-host relationship moves from one of 
pathogenicity towards commensalism, with chronic harmless infection 
persisting up to 2 years (p. falciparum). or even for several de-
cades (p. malariae)' Subsequent infection, particularly with p. fal-
ciparum , usually produces appreciable and sometimes severe para-
sitemia. Strain specificity of immunity was inferred from these 
studies, and work on cloned lines of genetically defined parasites in 
laboratory models has confirmed that immunity is largely parasite 
species specific and also markedly strain (parasite genotype) specif-
ic (Jarra and Brown 1985). It seems to be a general rule that after 
rechallenge of immunocompetent hosts with parasites of a different 
genotype, parasitemias are greater than after homologous reinfec-
tion. Nevertheless challenge parasitemias resolve more quickly than 
in non-immune hosts and without recrudescence, a type of response 
also observed in man even after rechallenge with heterologous para-
sites of the same species (Kitchen 1949). In endemic areas sustained 
clinical immunity develops only after repeated exposure over several 
years (with the possible exception of p. malariae)· It is frequently 
accompanied by low level infection and wanes fairly rapidly should 
exposure cease. 
Thus malaria presents a paradox in terms of the immune re-
sponse. Clinically severe and sometimes dangerous parasitemias, 
chronic infection, recrudescence, relapse and reinfection with clini-
cal sequelae are frequent in the face of an ongoing and extensively 
primed immune response. At each parasitemia, provided the host is 
not totally overwhelmed, enormous numbers of parasitized erythro-
cytes and merozoites, are destroyed by the immune system. The 
fact that only prolonged exposure will change a dangerous pathogen 
to a relatively harmless but frequent commensal, indicates (1) that 
effective and sustained immune recognition transcending parasite 
antigenic diversity, and constantly effective immune effector mecha-
nisms, are difficult to invoke, and (2) that they are under subtle 
stimulatory and suppressor control. In addition the immunopatholog-
ical consequences of infection must be contained. Once established, 
and if constantly primed, immunity will effectively if incompletely, 
transcend both phenotypic variation and genotypic diversity by the 
parasite. 
The nature of this transcending immunity remains unexplained. 
Experimental difficulties arise from the fact that many laboratory 
models involve "adapted" parasites maintained under abnormal /n 
vitro conditions, or "adapted" and aberrant host-parasite relation-
ships ¡n vivot relationships which would not be viable under condi-
tions of natural transmission. A feature of all ¡n vivo models how-
ever, is that immunization with disrupted parasites or parasitized 
cells, or with purified antigens, requires potent adjuvants for even 
modest effect. Immunization without adjuvant requires pre-infection 
or undisrupted parasitized cells rendered non-replicating, usually 
by irradiation or chemotherapy. The clinical experience outlined 
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previously, plus these and other experimental findings, indicate 
that sufficient antibodies of a given specificity are unlikely to be a 
prerequisite for immunity. Rather a spleen, highly primed at the Th 
level is required (Brown 1971, Brown ef al. 1976, Jayawardena 
1981). Thus primed, the spleen probably has the capacity for rapid 
anamnestic parasiticidal antibody responses to the diverse range of 
parasite derived surface exposed epitopes which the Plasmodium 
gene pool is capable of encoding, and also such Th dependent me-
diated cytotoxic effects as may be necessary for clinical immunity. 
Suppression of pathologic autoimmune responses, an effect probably 
quite distinct from specific parasite killing, may also increase sur-
vival (Eling 1982). This interpretation, if correct, has relevance for 
relating transcending protective immunity to (1) variant and geno-
typic structure of protein antigens, (2) to the possible role of non-
protein antigens, and (3) to parasite-host cell interactions at the 
molecular level. The difficulty with which the immune status is at-
tained will also be reflected in the structure, location and origin of 
relevant antigens, and their capacity to elicit suppressor as well as 
effector responses. In analyzing these questions it is important to 
consider the possible contribution of the parasitized erythrocyte as 
well as the parasite to protective immunogenicity. 
2. ULTRASTRUCTURAL CHANGES IN ERYTHROCYTES INFECTED 
WITH MALARIA PARASITES 
Erythrocytes infected with malaria parasites show a number of 
modifications visible at the ultrastructural level (Aikawa 1977) which 
in turn reflect changes from normality occurring at the molecular 
level (Figure 1 ) . These changes include the formation of a parasito-
phorous vacuole induced by the merozoite on entry and subsequent-
ly expanded by the developing trophozoite, and the appearance of 
membranous structures (Maurer's clefts) in the erythrocyte cyto-
plasm, which are thought to be extensions of the parasitophorous 
vacuole. Both these structures have intramembranous proteins pre-
sumably of parasite origin. Erythrocytes infected with P. falciparum 
asexual parasites and P. malariae asexual and gametocyte stages 
show 70-100 nm electron dense cup-like elevations of the erythro-
cyte membrane, the so-called "knobs". Knobs form localized sites 
for antibody binding in immune serum (Langreth and Reese 1979) 
and for binding of cationic ferritin; the latter is uniformly distri-
buted over the surface of normal erythrocytes. Con A ferritin also 
localizes at the knobs (Sherman and Greenan 1985). These results 
indicate exposure of unusual epitopes at the knobs together with 
redistribution of surface charge and saccharide clustering. Knobless 
lines of P. falciparum have been isolated which do not show the lo-
calized antibody/Iigand binding properties of K+ cells nor are the 
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F ig · 1 Diagram of ultrastructural changes induced in erythrocytes infected with malaria parasites. 
Ag = antigen; Pb = Plasmodium berghei; Pf = Plasmodium falciparum; Pk = Plasmodium knowlesi; Pm 
Plasmodium malariae; Pv = Plasmodium vinckei 
schizont-stages sequestered from the peripheral circulation. One 
such line was found to produce prolonged chronic infection in Aotus 
trivirgatus and confer some protection against challenge with the 
virulent (K+) P. falciparum (Langreth and Peterson 1985). 
P. vivax and P. ovale do not induce knobs and differ also in 
that they preferentially infect reticulocytes. Indentations (caveolae) 
which preferentially bind antibodies, rather than knobs, occur at 
the membrane of erythrocytes infected with these species (Aikawa 
1977). Associated with these caveolae are collections of small v e s -
icles. Nothing is known in molecular detail about the surface of 
erythrocytes infected with P. malariae, P. vivax or P. ovale, al-
though the reticulocyte preference of the latter two species indi-
cates qualitative differences from parasitized normocytes. Nor do we 
have knowledge of the nature and significance of changes which oc-
cur when P. falciparum infects reticulocytes, a not uncommon 
phenomenon in heavy infection, which may have importance in the 
induction of protective immunity (see 9 ) . Reticulocytes differ from 
normocytes in showing some mobility of intramembranous proteins 
and glycoproteins after ligand binding, and the presence of histo-
compatibility antigen at the cell surface. 
Other modifications include a change in erythrocyte shape from 
biconcave to spherical as the parasite develops and in some species 
the erythrocyte surface may become grossly pitted and misshapen 
(Rinehart et al. 1971, Bodammer and Bahr 1973). Dissociation of the 
submembrane cytoskeleton, degradation of Band 3 and aggregation 
of intramembranous proteins have also been reported (Wallach and 
Conley 1977, McLaren et al. 1979). Surface sialoglycoproteins may 
be O-acetylated to varying degrees, or the absolute amounts of 
sialic acid residues reduced (Howard 1982). Selective changes in 
membrane transport also occur (Kutner ef al. 1982). 
3. ERYTHROCYTE ANTIGENS IN MALARIA 
The selective changes wrought by parasites on the erythro-
cytes they infect, plus the extensive destruction of erythrocytes 
which occurs, imposes on the host prolonged exposure to self and 
altered self antigens. P. falciparum infections cause a marked in-
crease of the serum immunoglobulin concentration (Abele et al. 
1965). The major part of these induced immunoglobulins however, 
does not appear to have specificity for parasite antigens, although 
given the diversity of parasite antigens, specificity is difficult to 
quantify. Heterophilic as well as autoantibodies are present. 
Malaria in man is often associated with the appearance of vari-
ous kinds of autoantibodies including antibodies reactive with dif-
ferent tissues (Shaper ef al. 1968), lymphocytes (Gilbraeth ef al. 
1983, Wells ef at. 1980), erythrocytes (Rosenberg ef al. 1973), 
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Zouali ef al. 1982, Wahlgren ef al. 1983a, Berzins ef al. 1983) as 
well as anti-nuclear and anti-single-stranded (ss) DNA antibodies 
(Adu ef al. 1982, Daniel Ribeiro et al. 1983). This appearance of 
autoantibodies has been considered to be due to polyclonal B-cell 
activation caused by malarial mitogen. The presence of such mitogen 
has been described (Greenwood et al. 1979) which may cause hy­
pergammaglobulinemia frequently seen in malaria infected individu­
als. However, all autoantibodies seen are seemingly not due to poly­
clonal В cell activation as a selected specificity repertoire is de­
tected (Daniel Ribeiro et al. 1983, Berzins eí al. 1983). Thus, ele-
vated levels of antinuclear antibodies were found at high frequency 
in individuals living in a malaria endemic area, whereas antibodies 
to smooth muscle, heart or gastric parietal cells and thyroglobuUn 
were found in normal frequencies (Daniel Ribeiro et al. 1983). 
Anti-erythrocyte autoantibodies associated with malaria infec-
tions have been detected by means of hemagglutination (Zouali ef 
al. 1982), indirect immunofluorescence (Rosenberg ef al. 1973) en-
zyme linked immuno sorbent assay (ELISA) (Wahlgren ef al. 1983a) 
and immunoblotting (Berzins ef al. 1983). A major part of the anti-
erythrocyte antibody response appears to be directed against intra-
cellular erythrocyte components such as the cytoskeletal proteins 
actin, band 4.1 or spectrin (Berzins ef al. 1983, Schetters ef al. 
unpublished). Antibodies to some cryptic erythrocyte surface anti-
gens have been found in elevated titres in sera from malaria pa-
tients in some studies (Rosenberg ef al. 1973, Lefrancois ef al. 
1981, Zouali ef al. 1982). 
Coombs' test has been used frequently to demonstrate the 
presence of antibodies on the surface of uninfected erythrocytes 
from malarious individuals (Woodruff ef al. 1979, Facer ef al. 1979, 
Facer 1980a+b). Analysis of the specificity of these antibodies indi-
cated however, that they were constituents of immune complexes in-
cluding parasite antigen (Facer 1980a) and intracellular erythrocyte 
components (Gabriel and Berzins unpublished). 
Malaria is often accompanied by excessive levels of anemia 
which cannot be attributed solely to erythrocyte loss due to para-
site multiplication. Accelerated clearance by the reticuloendothelial 
system of erythrocytes sensitized with complexes of parasite antigen 
and antibody, and/or dyserythropoiesis have been proposed as pos-
sible explanations for the excessive anemia observed in P. falci-
parum infections (See Weatherall ef al. 1983). 
Modification of the erythrocyte membrane by parasite enzymes 
may occur. Enzyme modification of erythrocyte plasma membrane 
sialic acid has been associated with accelerated erythrocyte clear-
ance (Durocher ef al. 1974, Janich ef al. 1978, but see also Bocci 
1981). Such modifications may lead to the appearance on effete cells 
of a "senescence" antigen related to, or sited on band 3 (Kay 1984) 
which becomes aggregated in the membrane as the cell ages (Low ef 
al. 1985). Recognition of the antigen by an IgG autoantibody (Kay 
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Mr(kD) GHOST- IMMUNE MALARIOUS NORMAL 
PROTEIN SERUM SERUM SERUM 
Spectrin 
(doublet) 
200-100 
102-97 
95-93 
90-87 
84-79 
77-75 
73-71 
69-65 
64-61 
59-57 
56-55 
53-51 
49 
47 
45-44 
42-41 
38 
35-33 
32-30 
28-23 
21-20 
less 20 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
no 
no 
yes 
yes 
no 
no 
yes 
yes 
no 
yes 
no 
yes 
yes 
yes 
9/10 
6/10 
9/10 
4/10 
10/10 
8/10 
8/10 
7/10 
4/10 
10/10 
8/10 
7/10 
2/10 
1/10 
4/10 
9/10 
-
3/10 
2/10 
10/10 
4/10 
7/10 
4/10 
3/3 
1/3 
-
1/3 
3/3 
2/3 
-
2/3 
2/3 
-
2/3 
-
-
3/3 
-
-
3/3 
-
-
3/3 
-
-
-
Table 1 Reactivity of immune, malarious and normal mouse sera 
against normal mouse erythrocyte proteins as determined in SDS/-
PACE-immunoblotting techniques. The number of positive sera out 
of the total number is depicted. Number in brackets indicate that 
very weak reactivity was found. The second column indicates 
whether this protein could be detected in ghost material. 
1981) could lead to removal of the resulting complex by phagocytic 
cells of the reticuloendothelial system (Khansarl and Fudenberg 
1983). Qualitative or quantitative parasite mediated alterations to 
the sialic acid residues on the exposed membrane of young or inter-
mediate (infected or uninfected) erythrocytes (see 2) might reveal 
this antigen prematurely marking them for clearance and leading to 
anemia. 
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The possible contribution of autoimmune anti-erythrocyte re-
cognition to anemia in malaria has been studied in rodent models. 
Initially excessive erythrocyte loss was linked with (1) phagocytosis 
of uninfected erythrocytes in the spleen and bone marrow of infec-
ted animals, (2) Coombs positivity, (3) the appearance of cold reac-
tive, 2-mercaptoethanol sensitive agglutinating antibodies for enzyme 
treated erythrocytes. In recent in vitro studies erythrocyte bound 
antibody of low thermal aptitude was demonstrated as early as day 
three post infection, presumably before the formation of appreciable 
levels of immune complexes, and also for some time after resolution 
of the parasitemia (Hunter ef al. 1980). In P. berghei infected rats 
normally cryptic erythrocyte isoantigens are exposed on parasitized 
reticulocytes (Brown et al. 1980) which leads to the formation of 
isohemagglutinating antibodies. In P· berghei infected mice as well 
as in immune mice antibodies directed against a broad spectrum of 
polypeptides from uninfected erythrocytes have been detected 
(Schetters unpublished). As with the human autoantibodies (see 
above), some of these molecules have been partially characterized 
(Table 1 ) . Whether any of the reacting polypeptides are of the type 
characterized as surface exposed or masked/cryptic erythrocyte self 
antigens of the mouse (Elson et al. 1979) is not known. Autoanti-
bodies to some of these antigens have been implicated in the (ap-
parently) spontaneously occurring anemias of certain mouse strains. 
The possibility exists that anti-erythrocyte autoantibodies may in-
terfere with merozoite attachment and invasion, and thus exert pro-
tective action, but there is as yet no direct evidence that this oc-
curs. 
4. PARASITE DERIVED ANTIGENS 
A widely used strategy in the search for the exposed blood 
stage antigens in P· falciparum has been to test antibodies for their 
capacity to interfere with the development of the parasite in vitro 
either by merozoite reinvasion inhibition or by inhibition of intra-
cellular parasite growth. Antibodies to antigens involved in the se -
questration of infected erythrocytes have been similarly identified in 
an in vitro assay, by their capacity to block or reverse binding of 
infected erythrocytes to cultured endothelial cells (Udeinya et al. 
1983). 
Correlation studies of reinvasion inhibitory activity of sera of 
P. falciparum immune individuals with their immunoprecipitation pat-
terns showed that the presence of antibodies to parasite polypep-
tides of Mr 200000, 70000 and 45000 (Reese eí al. 1981) or 96000 
(Brown G.V. ©f o/. 1982) correlated with decreased invasion rates. 
In a similar study but using immunoblotting for detection of the re-
activity patterns of the IgG, the presence of antibodies to a P· fal-
ciparum antigen of Mr 155000 correlated well with inhibition (Wahlin 
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ei σ/. 1984). This latter correlation was confirmed by using affinity 
purified and human monoclonal antibodies to the Mr 155000 antigen 
(Wahlin eí al. 1984, Udomsangpetch eí al. unpublished data), which 
were both extremely efficient inhibitors of p. falciparum reinvasion 
rates. 
Some mouse monoclonal antibodies to p. falciparum antigens 
have also shown inhibitory activity in reinvasion assays. Thus 
Perrin and Dayal (1982) demonstrated decreased reinvasion with 
monoclonal antibodies to p, falciparum schizont specific antigens of 
Mr 41000, 82000 and 140000. All three antigens were present on 
schizonts and raerozoites. Saul eí al. (1984) obtained similar inhibi-
tion with mouse monoclonal antibodies to a Mr 220000 polypeptide, 
which was located in the schizont cytoplasm as well as within the 
schizont infected erythrocyte, but outside the schizont itself. 
Three merozoite surface polypeptides of Mr 83000, 42000 and 
19000 have common epitopes and may be processing products of a 
Mr 195000 p. falciparum schizont surface antigen. Polypeptide mate-
rial affinity purified with monoclonal antibody to the Mr 195000 anti-
gen, has been shown to be protective in immunization studies (Hall 
et al. 1984). The Mr 195000 polypeptide shows extensive epitope di-
versity among p. falciparum isolates (McBride ef al. 1985). 
Certain p. falciparum antigens apparently deposited in the 
erythrocyte membrane at merozoite invasion (Perlmann eí al. 1984) 
are subsequently detected in the membrane of erythrocytes con-
taining early stages of the parasite (ring stages and early tropho-
zoites). The major antigen is a polypeptide of Mr 155000 designated 
Pf 155, but antigens of lower' molecular weight are also present, Mr 
135000 and 120000 polypeptides being the most prominent (Perlmann 
ef al. 1984, Wahlgren ef al. 1985). Antibodies to Pf 155 reduce par-
asite reinvasion ¡p vitro (Wahlin ef al. 1984, Udomsangpetch ef al. 
in preparation). The appearance of high levels of antibodies to Pf 
155, as detected by the surface immunofluorescence technique, cor-
relates with the acquisition of clinical immunity to p# falciparum 
(Wahlgren ef al. 1985 and in preparation) in Liberian children. 
In a recent report, Goppel ef al. (1984) described the cloning 
of cDNA of a p. falciparum antigen which shared many properties 
with Pf 155. Derived primary structure contained two regions of 
tandemly repeated amino acid sequences (Anders personal communi-
cation 1985). Rabbit antisera against a synthetic octapeptide, cor-
responding to a subunit of one of the repeated regions reacted with 
Pf 155 in immunoblotting and also gave immunofluorescence of ring 
stage infected erythrocytes (Berzins ef al. in preparation). The 
rabbit anti-octapeptide antibodies as well as human antibodies from 
a
 P. falciparum immune individual, affinity purified on the octapep-
tide, both efficiently reduced invasion jn vitro (Berzins ef al. in 
preparation). 
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5. MEROZOITE-ERYTHROCYTE INTERACTIONS 
The invasion of merozoites into erythrocytes is thought to be a 
multi-step process involving attachment of the merozoite to the ery-
throcyte surface, re-orientation of the merozoite, formation of a 
junction between the membranes of the merozoite and the erythro-
cyte and the actual invasion by an endocytosis-like process. 
The receptor site for merozoites on the erythrocyte has been 
identified for P. vivax and P. knowlesi, to be associated with the 
Duffy blood group antigen since individuals lacking this antigen are 
resistant to these parasites (Miller eí al. 1977). There is strong 
evidence that glycophorin A, the major erythrocyte sialoglycoprotein 
is important for invasion by P. falciparum merozoites (Hermentin 
and Enders, 1984). Variant erythrocytes lacking glycophorin A are 
very poorly invaded by merozoites in vitro and fragments of glyco-
phorin A, both carbohydrate residues and peptide residues, inhibit 
merozoite reinvasion. Recent reports show that band 3, the major 
erythrocyte transmembrane protein, or oligosaccharides from band 
3, can also inhibit P. falciparum invasion in vitro (Okoye and 
Bennet, 1985, Friedman et al. 1985). Mitchell eí al. (personal com-
munication) however, have produced evidence that merozoites may 
show diversity in their recognition of binding sites on erythrocytes. 
Analysis of P. falciparum proteins binding to human erythro-
cyte glycophorins coupled to Polyacrylamide beads, showed that two 
parasite proteins of Mr 155000 and 130000 respectively, gave high 
binding affinity (Perkins 1984). The Mr 155000 glycophorin binding 
protein shows many characteristics in common with the Pf 155 anti-
gen previously described (Wahlgren et al. 1985, Berzins ef al. in 
preparation). 
6. ANTIGENIC DIVERSITY AND ANTIGENIC VARIATION 
Antigenic diversity at the genotypic and phenotypic level 
among parasite populations has been well documented in animal mala-
rias (Brown 1976, Jarra and Brown 1985). The antigenic diversity 
of P. falciparum both within a geographical region and between dis-
tant regions has been described by Wilson (1980). This extensive 
serotypic diversity was found with regard to the so-called S-anti-
gens, which are soluble heatstable antigens released into the cir-
culation of the host. With the introduction of monoclonal antibodies, 
antigenic diversity was also found for other P. falciparum antigens, 
including the Mr 195000 schizont antigen referred to above (see 4, 
McBride 1985). 
Parasite antigens expressed on the surface of trophozoite and 
schizont infected erythrocytes and merozoites also show 'diversity. 
This was demonstrated for the antigens mediating endothelial cell 
binding (Udeinya et al. 1983) as well as for a high molecular weight 
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antigen, which also showed size variation between different isolates 
(Leech et al. 1984). It has not been established whether this di-
versity is purely genotypic or also phenotypic. Hommel, David and 
Oligino (1983) demonstrated variation within a cloned line of p. fal-
ciparum of an antigen present on the surface of erythrocytes infec-
ted with late stage parasites. It was shown by experimental infec-
tions in Saimirí monkeys that up to 7 variant populations occurred 
from one p. falciparum isolate as detected by immunofluorescence. 
The mechanism of variation in this so far unidentified antigen is not 
known, but it shows similarities with what is seen with the variant 
SICA antigen of p. knowlesi· Antigenic diversity in a Mr 140000 
merozoite surface antigen of p. knowlesi has also been reported in 
break-through parasites after immunization of rhesus monkeys with 
purified antigen (David et al. 1985). It has been suggested that the 
parasite may show phenotypic variation in all exposed epitopes indi-
cative of an integrated genetic mechanism (Brown 1984). 
7. ERYTHROCYTE ALTERATIONS AND PARASITE ENCODED 
ANTIGENS IN PROTECTIVE IMMUNITY TO THE ASEXUAL 
STAGE OF MALARIA IN MAN 
The involvement of Τ cells in human malaria is suggested by a 
decrease in the percentage of Τ cells (Wyler 1976, Wells ef al. 1979, 
Troye-Blomberg et al. 1983a) as well as altered ratios between dif­
ferent subsets of Τ cells (Troye-Blomberg
 e
f
 σ
/, 1983a, 1984) in the 
peripheral circulation. 
Τ cells of malaria patients proliferate ¡n vitro after stimulation 
with p. falciparum antigens (Troye-Blomberg
 et al. 1983b, 1984). 
This response is short-lived and usually weak, indicating the in-
volvement of suppressor mechanisms. Furthermore, in patients with 
clinical malaria in excess of eight days, the anti-malarial prolifer-
ative response is often diminished, while other responses like to 
Τ cell mitogens is the same as for patients with overt malaria of 
less than eight days, indicating the occurrence of an antigen spe­
cific immunosuppression of the Τ cell response (Brasseur eí al. 
1983, Troye-Blomberg
 et al. 1984). 
A more generalized and non-specific immunosuppression has 
also been reported in both acute and chronic malaria infections, 
usually being less severe in the latter. Affected individuals may be 
more susceptible to concurrent infections and less likely to respond 
optimally to certain vaccination procedures or tests for normal im-
mune function (Wyler 1979). In experimental models there is evi-
dence that malaria associated immunosuppression may impair immuno-
logical memory to certain antigens or even lead to tolerance 
(Weidanz 1982). It may of course be necessary for the host to reg-
ulate i . e . suppress those immune reactions leading to potentially 
harmful immunopathological effects. Interaction between responses 
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regulating potential activity against erythrocyte or altered erythro­
cyte antigen for example, and those reactions involved in protection 
may be an important factor in host survival (Jarra 1983). 
Increased natural killer cell activity and gamma interferon 
levels correlate with increasing parasitemias, as detected in Nigerian 
children (Ojo-Amaize ef al. 1981). There is however no evidence for 
a contribution by natural killer cell activity in parasite killing. 
Gamma interferon plays a central role in the regulation of the cellu­
lar immune system and is produced by lymphocytes of malaria im­
mune individuals after in vitro stimulation with P. falciparum anti­
gen (Troye-Blomberg personal communication 1985). Ockenhouse, 
Schuimen and Shear (1984) demonstrated gamma interferon activated 
monocyte derived macrophages were able to kill intra-erythrocytic 
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parasites independently of antibodies in vitro. 
Cell-mediated parasite killing (see figure 2 and table 2) has 
been inferred from the observation of phagocytozed P. falciparum 
infected erythrocytes within monocytes isolated from children with 
acute malaria (Facer and Brown 1981). Celada et al. (1982), 
Khusmith et al. (1982) and Kharazmi and Jepsen (1984) have de-
monstrated in vitro antibody mediated phagocytosis of free para-
sites, or erythrocytes infected with late parasite stages. Similarly, 
Brown and Smalley (1980) demonstrated antibody dependent cellular 
cytotoxicity (ADCC) against P. falciparum parasites using lympho-
cytes from children or Cambian adults with P. falciparum malaria as 
effector cells. 
The role of antibodies in immunity to malaria in man is indi-
cated by the resistance of young infants in hyperendemic areas to 
malaria, a resistance which is thought to be mediated by antibodies 
transferred from the mother. Cohen et al. (1961) passively trans-
ferred antibodies from adult malaria individuals to children with 
acute P. falciparum malaria, and thereby drastically decreased their 
parasitemia, giving a protection of short duration. The target anti-
gens for this protective immunity are thought to be either antigens 
present on merozoites or expressed on the surface of infected ery-
throcytes containing late stage parasites (Figure 2 ) . 
Since the antibody dependent killing of malaria parasites is at 
least in part, cell-mediated, an important aspect in studying the in-
duction of protective immunity is to assess the isotype and IgG 
subclass of the antibodies involved. The different IgG subclasses 
vary considerably in their capacity to activate various effector cells 
(Spiegelberg 1974). In general IgGl and IgG3 subclasses mediate 
functions like monocyte phagocytosis or target lysis by lympho-
cytes, while IgG2 and IgG4 are inactive or less efficient in this re-
spect. Looking at the levels of the different IgG subclasses among 
P. falciparum specific antibodies in Swedish malaria patients or Li-
bérien adults by means of an enzyme linked immuno sorbent assay 
Wahlgren et al. (1983b) observed that both groups had elevated 
IgGl levels. The Swedish patients had elevated IgG2 levels relative 
to the Libériens, while elevated IgG3 levels were found in the latter 
group. No differences between the groups were found in the levels 
of IgG4. 
8. THE IMMUNE RESPONSE IN EXPERIMENTAL MODELS 
As indicated in the introduction extrapolation from in vitro in-
hibition experiments, and from simian or rodent models to man re-
quires great caution since many of these models represent aberrant 
host-parasite relationships which could not be sustained under con-
ditions of natural transmission. 
In one study no correlation was found in the Saimirí monkey 
between in vivo protection and decreased reinvasion capacity in 
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Table 2. Possible immune responses to antigens of erythrocytes infected with malaria parasites 
Antigen 
1 Parasite derived 
Highly specific epitopes, merozoite 
associated and erythrocyte surface 
associated 
Conserved sequences and 
configuration on merozoite 
associated and erythrocyte surface 
associated antigen Structure 
influenced by parasite genotype 
Conserved sequences and 
configuration on merozoite 
associated and erythrocyte surface 
associated antigen Structure 
influenced by parasite genotype 
Response 
В cells 
Τ cells 
Evidence 
Monoclonal antibodies in vivo In vitro 
inhibition Surface localization of Ig from 
immune serum binding to parasite encoded 
epitopes 
Reduced parasitaemias in immune hosts 
Protective immunity TH-dependent in 
rodent models Apparently has degree of 
parasite genotype specificity but transcends 
effectively if incompletely phenotypic 
variation 
Possible protective effect 
Highly specific, parasite destruction restricted 
by genotypic and phenotypic variability 
Blocking of sequestration 
Low efficiency inhibition transcending 
antigenic diversity but cannot prevent non­
clinical infection 
В cell help in 
(i) giving anamnestic type response with high 
avidity antibody to new variant 
populations 
(и) Мф activation with non-specific 
cytotoxic effects 
Both these responses would transcend chnical 
effects of phenotypic variation within parasite 
genotype and possibly in part genotype 
differences 
2 Erythrocyte derived 
Glycolipids or proteins/glyco-
protems not normally exposed 
Aggregated normally exposed 
membrane antigens, e g band 3 
Modified exposed antigens 
As above but also including MHC 
on reticulocytes 
3 Joint parasite encoded and 
erythrocyte macromolecular 
configuration 
Closely associated conserved 
parasite antigen structure and 
erythrocyte glycolipids or proteins/ 
glycoproteins 
As above plus MHC on 
reticulocytes 
В cells 
Τ cells 
В cells 
Τ cells 
Ig on erythrocyte surface, anaemia in 
chronic infection, band 3 modification, 
aggregation of membrane proteins, sialic 
acid modification, Ig binding to cryptic 
antigens 
Protective immunity TH-dependcnt in 
rodent models Active suppression of 
protective responses with recrudescence 
and rapid loss of clinical immunity in 
absence of infection Interaction of ant 
erythrocyte autoimmunity and protective 
immunity 
Active suppression of protective responses 
with recrudescence Rapid loss of 
immunity in absence of infection 
Close juxtaposition of parasite and host 
epitopes on erythrocyte membrane 
Enhanced immunogemcity of parasitized 
reticulocytes Interaction of anti-E 
autoimmunity and protective immunity 
Active suppression of protective responses 
with recrudescences Rapid loss of clinical 
immunity in absence of infection 
Removal of parasite modified erythrocytes 
with exposed cryptic isoantigens or modified 
isoantigcns Recognition of parasitized cells 
as prematurely aged Effect probably limited 
because protection has parasite genotype 
specificity or is difficult to generate 
В cell help in 2 
Мф activation with resultant non-specific 
cytotoxic effects 
Removal of parasitized erythrocytes, 
specificity uncertain 
В cell help in 1 and 2 
(i) giving anamnestic type responses with 
high avidity antibody to new variant 
populations 
(и) Мф activation with non-specific 
cytotoxic effects 
Both these responses could transcend clinical 
effects of phenotypic variation within 
parasite genotype and possibly transcend 
genotype differences more effectively than Τ 
cell recognition of parasite sequences alone 
(in) helper activity in anti-erythrocyte В cell 
responses 
vitro of the corresponding serumimmunoglobulin (Fandeur et al. 
1984). Antibodies to certain antigens however are not very effective 
in inhibition assays as components of total immunoglobulin prepara-
tions from P. falciparum immune serum, but become very efficient 
when affinity purified (Wahlin et al. 1984 and unpublished). This 
difference is possibly due to the presence in P. falciparum immune 
sera of both inhibitory antibodies and antibodies which apparently 
promote reinvasion and parasite growth (Brown, Anders and 
Knowles 1983). As yet undetermined is the effect of anti-idiotype 
antibodies in the in vitro assays. It should be noted in addition 
that merozoite surface antigens identified by this technique in P. 
knowlesi and presumably involved in protection, have shown struc-
tural and antigenic variation in breakthrough populations following 
challenge of specifically immunized animals (David ef al. 1985). 
Some P. falciparum antigens identified by in vitro inhibition 
have been isolated and tested for protection in vivo in either Aotus 
or Saimirí monkeys. However correlation between protective immuni-
ty in these hosts and man has yet to be established, and evidence 
from rechallenge studies in Aotus with heterologous isolates sug-
gests there may be substantial differences between Aotus and man 
since prior splenectomy was required in Aotus to demonstrate isolate 
specific immunity (Voller and Richards 1971). 
Similar caveats relate to extrapolation from rodent malarias, 
which (1) are used in unnatural hosts and (2) depending on the 
host/parasite combination used may produce infections which range 
from uniformally lethal with little or no immunity immediately appar-
ent, to mild non-lethal infections where a solid sterilizing type of 
immunity is produced. Neither of these two situations is comparable 
with malaria under conditions of natural transmission. It is neces-
sary to use rodent models for sophisticated dissections of the im-
mune response to malaria, but with due regard to interpretational 
problems which may arise. 
Probably the major contribution that analysis of rodent models 
has made to the understanding of malaria immunity has been the de-
termination of i ts thymus dependency and the pivotal nature of 
Τ cell activity in protective cellular and humoral parasiticida! re­
sponses (Jayawardena 1981). Both the production of soluble factors 
involved in intraerythrocytic parasite killing by activated macro­
phages and the synthesis of parasiticidal antibodies are strongly 
Τ cell dependent. As the outcome of a malaria infection seeras to be 
a subtle yet dynamic balance between generalized and specific im­
munosuppression, immunostimulation and evasion of immunity by the 
parasite, an important role for Τ cells can also be envisaged. 
Since reliable tests for functional immunity in man are not 
available, it is important that any conclusions regarding the central 
Th and Ts roles in protective immunity be scrutinized in animal 
models at the molecular level, and then equivalent correlations 
sought in P. falciparum and in those responses in man which can be 
assayed. 
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9. THE INDUCTION OF PROTECTIVE IMMUNITY 
Currently there is considerable interest in controlling malaria 
by vaccination involving the asexual blood stage. An alternative ap-
proach is to maximise the development of immunity in a population 
at risk by optimum mass chemotherapy. It is important to consider 
the antigenicity of the asexual blood stage in the light of these aims 
(See table 2) . 
Studies in a variety of experimental models have shown that 
powerful adjuvants are required if immunization with dead antigen is 
to be effective. Originally demonstrated in P. knowlesi in rhesus 
monkeys by Freund, this phenomenon was analyzed in detail by 
Brown, Brown and Hills (1970a) and Brown et al. (1970b). Very 
high titres of specific antibodies for phenotypic variant specific, 
parasite encoded, surface antigens could be obtained by the use of 
less draconian adjuvants, but monkeys immunized in this way were 
unable to modify challenge parasitemias. Monkeys immunized with 
antigen in Freunds complete adjuvant (FCA), developed antibodies 
of the same specificity but including opsonizing for parasitized 
erythrocytes. On challenge such animals reduced initial parasitemias 
and generated responses able to transcend phenotypic (and to a 
degree genotypic) parasite differences leading to effective immunity. 
The advent of monoclonal antibodies has facilitated purification 
of polypeptide antigens of a particular epitope specificity. Most im-
munization experiments with such antigens have used FCA rou-
tinely, or antigen incorporated into liposomes plus FCA. In this way 
modest protective effects have been obtained with P. falciparum in 
Aotus or Saimirí monkeys (Hall eí al. 1984) and with P. knowlesi in 
rhesus (David ef al. 1985). Not infrequently in these experiments 
using outbred animals some immunized individuals are able to reduce 
the challenge parasitemia, while others with specific antibody levels 
are no better than the controls in this regard. Such results sug-
gest that even with the use of powerful adjuvants the induction of 
protective antibody responses to particular parasite antigens iso-
lated from the total parasite/erythrocyte complex may have haplo-
type specificity and therefore be idiosyncratic in outbred host 
populations. 
Recrudescence after clearance of the primary parasitemia is a 
characteristic feature of malaria. Only one extensive study has been 
carried out with a host/parasite combination (cloned P. chabaudi in 
CBA/Ca mice) which shows a well marked recrudescence. Mice im-
munized with affinity purified Mr 250000 antigen and its associated 
polypeptides (equivalent to the Mr 195000 antigen of P. falciparum) 
showed some ability to control the primary parasitemia on challenge, 
but recrudescences were in fact significantly enhanced over control 
levels indicative of a suppressor effect of immunization on the long 
term efficiency of the protective response generated (Brown et al. 
1985). In all rodent models where comparisons have been made 
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using purified antigens of the same type, FC A or saponin have 
again been found to be absolute requirements for any protective re-
sponse . 
If it is assumed that protective immunity derives primarily from 
responses to parasite encoded antigens then three problems relating 
to the structure of exposed parasite epitopes emerge from the 
studies outlined above: 
1. Do antigens with non-variant or restricted diversity of exposed 
epitopes exist? If so why are antibodies to them so difficult to 
evoke and only partially effective in that they cannot preclude 
infection even in immune adults? 
2. Why is conserved structure in antigens including those with 
highly diverse exposed epitopes rather inefficient at stimu-
lating protective Th responses in the absence of powerful ad-
juvants? 
3. Is there a characteristic of these antigens which renders them 
particularly prone to stimulate Ts as well as Th responses? 
A moderately effective, but by no means complete, protective 
response can be produced without recourse to adjuvants by immuni-
zation with non-replicating parasitized cells either irradiated or in-
oculated under drug cover. These results and those obtained by 
immunization with attenuated parasite lines (Weiss 1968, Waki et al. 
1982, Langreth and Peterson 1985) could be interpreted as indica-
ting that only parasite antigen presented ¡n situ has the correct 
configuration for Th stimulation, and that parasite lines might be 
isolated (perhaps from in vitro cultures) which have antigens parti-
cularly effective in this regard. There are at least two possible 
ways in which the in situ location of antigens may be important (1) 
because hydrophobic interaction is necessary for correct configura-
tion or (2) because correct configuration and thus protective Th 
stimulation is dependent on the interaction with host macromolecules 
in the erythrocyte membrane. Some support for the first possibility 
comes from the observation that the solubilizing detergent may have 
some influence on the immunogenicity of purified antigen incorpo-
rated into FCA (Perrin ef al. 1985). The effects of the presence or 
absence of a spleen, and long term maintenance of parasites in vitro 
on the expression of parasite antigens at the erythrocyte surface 
indicates that detailed membrane structure may be important for 
antigenicity and immune recognition. Splenectomy is known to modi-
fy the lipid component of circulating erythrocytes (Van Deenen and 
De Grier 1974). 
Supportive evidence for the possible importance of joint recog-
nition of parasite and erythrocyte antigens in protection comes from 
studies utilizing gamma irradiated parasitized erythrocytes (Brown 
eí al. 1985). There is also evidence for the high affinity binding of 
parasite and erythrocyte macromolecules (Perkins 1984) and for the 
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close juxtapostion of parasite and erythrocyte components (Brown et 
ol. 1982). More direct evidence comes from the increased immuno-
genicity of P· berghei, P. yoelil or P. chabaudi infected reticulo-
cytes compared to infected normocytes in vivo (Poels et al. 1977, 
Jarra and Brown 1980, Jayawardena ei al. 1983). P. berghei infec-
ted reticulocytes also induce greater transformation of spleen 
lymphocytes from immune animals in vitro (Schetters et al. 1986a). 
Class I major histocompatibility complex (MHC) antigen exposure on 
parasitized reticulocytes is increased (Jayawardena eí al. 1983) and 
thus it is conceivable that association of parasite and histocompati-
bility antigen is of critical importance and that infected reticulo-
cytes are the essential inducers of protective immunity. Only in the 
later stages of primary parasitemia, when parasites like P. falci-
parum (usually found in normocytes) invade reticulocytes, does ef-
fective clinical immunity develop. MHC dependent protective immune 
recognition would indicate that only immunization with attenuated 
parasites rather than purified antigen is likely to be really effec-
tive. Recognition which involves other erythrocyte autoantigens may 
indicate again that an attenuated erythrocytic parasite will be ne-
cessary for immunization, or alternatively erythrocytes with their 
differentiation precursors (Brown 1984). Such possibilities place a 
premium on the development of continuous cultivation systems ca-
pable of producing erythrocyte precursors and supporting their dif-
ferentiation as well as systems for maintaining such attenuated par-
asite lines. 
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CHAPTER II 
INTERACTIONS OF PLASMODIUM BERGHEI 
INFECTED ERYTHROCYTES WITH COMPLEMENT* 
Th. Schetters, P. van Lent, A. van Zon & W. Eling 
INTRODUCTION 
Phagocytosis is an important defense mechanism of the host 
against foreign particles like protozoa and bacteria, even at very 
early stages of phylogeny (Playfair 1982). Binding to the phagocyte 
is the first step of phagocytosis and occurs because the particle is 
foreign or is marked with host-derived molecules like antibodies and 
complement components. 
During a primary malaria infection in vertebrates, parasite de-
rived material accumulates in the cells of the mononuclear phagocyte 
system (MPS), particularly in liver and spleen (Van Zon eí al. 
1978). Several reports have described phagocytosis of parasitized 
erythrocytes in vitro, indicating that these cells carry structures 
that can be recognized by macrophages (Kreier and Green 1980, 
Makimura et al. 1982, Schetters e í al. 1983, Seitz eí al. 1977, 
Lustig eí al. 1979). 
In Plasmodium falciparum malaria, red cells were shown to be 
coated with antibodies (Weat herall and Ab dalla 1982), immune com-
plexes (Facer 1980a), and complement components (Facer ef al. 
1979). Furthermore it was shown that erythrocytes from Plasmodium 
berghei-infected animals are coated with antibodies (Lustig ef al. 
1977, Ronai e í al. 1981), and Roth and Herman (1979) suggested 
that complement components may coat Plasmodium berghei-infected 
erythrocytes possibly as a result of the interaction with antigen-
antibody complexes. 
Usually, investigators point to the hemolytic anemia as a con-
sequence of opsonization of erythrocytes with antibodies and com-
plement components and not to the immunoprotective consequences, 
i . e . complement-mediated lysis of parasitized erythrocytes or phago-
Published in Journal of Protozoology (1985) 32, 321-325 
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cytosis of opsonized parasitized erythrocytes, as part of the effec-
tor system of immunity. This paper contributes to the description of 
the role of complement in these processes and the interaction of 
parasitized erythrocytes with the hemolytic complement system of 
normal mouse serum. The observed decrease in hemolytic complement 
activity in sera of mice with malaria infections (Krettli et al. 1976, 
Williams et al. 1975) might result in decreased phagocytosis and/or 
lysis of parasitized red blood cells, thereby favouring parasite sur-
vival. 
MATERIALS AND METHODS 
Mice 
Mice used for passage of the parasite and experiments were 
6-8 weeks old and kept in plastic cages under SPF conditions on 
standard food (RMH, Hope Farms) and drinking water ad libitum. 
Outbred Swiss mice were obtained from colonies of the animal facil-
ity of the University of Nijmegen. 
Parasite 
P. berghel, strain K173, was maintained by intraperitoneal 
subinoculation into normal mice of 105 parasitized erythrocytes ob-
tained from infected donor mice at weekly intervals. Parasitemia was 
determined from thin smears made from tail blood. Smears were 
stained with May-Grünwald/Giemsa solutions. 
Purification of parasitized erythrocytes 
Suspensions of parasitized erythrocytes (PE) with a purity of 
more than 90% infected erythrocytes were essentially prepared as 
described before (Eling 1977) with some modifications. Briefly, P. 
berghei-infecteâ blood was obtained from mice at day 7 or 8 after 
infection. Heparin (5 U/ml) was added to prevent clotting. Blood 
was diluted once with medium 199-modified (Flow Laboratories), 
hereafter referred to as medium, and applied to a column containing 
three volumes of Sephadex G-150 Superfine (Pharmacia, Uppsala, 
Sweden) and one volume of SE-23 (Servaceli) to remove white blood 
cells. The column eluate was diluted to Ave times the original blood 
volume with medium and layered onto a cushion of Percoli (Phar-
macia) with a density of 1.094. The sample was centrifugea for 10 
min at 1500 g using a Servali GLC-2 centrifuge. After centrifuga-
tion the cell layer on top of the Percoli cushion was carefully pi-
petted off and washed twice with Hanks Balanced Salt Solution con-
taining 2% HEPES (HBSS). These suspensions contained over 90% 
PE. 
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Radioactive labeling of parasitized erythrocytes 
Purified PE suspensions were diluted with HBSS containing 10% 
(v/v) fetal calf serum (FCS) to a concentration of 5x10^ cells/ml. 
To each ml of this suspension 50 ul of L-(methyl-^H)methionine 
(Amersham, spec. act. 5-15 Ci/mmol) was added. Suspensions were 
incubated for 90 min at 37 C. After incubation cells were washed 
three times with medium containing heparin (5 U/ml) and 10% (v/v) 
FCS to remove non-incorporated radioactive material. Finally, the 
concentration was adjusted to 1x10 cells/ml. 
Phagocytosis assay 
Adherent peritoneal exudate cells (APEC) from normal Swiss 
mice were harvested by peritoneal lavage as described by Conrad 
(1981). Cells were washed once in medium containing heparin (5 
U/ml) and 10% (v/v) FCS. Samples of 1 ml (approx. 5x l0 5 cells/ml) 
were pipetted into tissue culture clusters (24 wells. Costar) con­
taining 15 mm round coverslips (Thermanox 5414, Miles Laborato­
ries); the edge of the coverslips was bent to facilitate manipula­
tions. The APEC were allowed to adhere to the coverslips for at 
least 2 h at 37 С. After incubation non-adherent cells were washed 
off by gently moving the coverslips in warm saline solution (37 C). 
Quantitative analysis revealed that approximately 2x l0 5 cells ad­
hered onto each coverslip. Washed coverslips were placed into wells 
containing 1 ml radioactively labeled РЕ (10 7 cells/ml/well). Suspen­
sions were incubated for 90 min at 37 C. Non-phagocytozed cells 
were removed by gently washing the coverslips in warm saline solu­
tion. Coverslips were put into plastic vials with 0.5 ml Soluene to 
dissolve the cells. Then 6 to 7 ml of Instagel (Packard), supple­
mented with HCl (0.05 M), were pipetted into the vials, and the 
amount of radioactivity was determined by liquid scintillation coun­
ting (PRIAS Liquid Scintillation Counter, Packard). 
Hemolytic complement assay (modified from Rademaker et al. 1981) 
Preparation of sensitized rabbit red blood cells. 
Blood obtained from rabbits was diluted once with Alsever solution 
and stored to serve as a source of rabbit red blood cells (RRBC). 
Before use, the cells were washed three times with isotonic sodium 
iodide solution. The cell concentration was adjusted to 4% using 
Veronal buffered saline solution (VSB), containing 0.15 mM CaClg 
and 0.5 mM MgClg (VSB-M), as diluent. The RRBC were sensitized 
with a subagglutinating amount of inactivated mouse-anti-RRBC se­
rum (30 min on ice) . After incubation cells were washed and resus-
pended in VSB-M to a final concentration of 2%. 
Assay procedure for hemolytic complement. 
Serial twofold dilutions of serum samples were prepared with VSB-M 
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in 3-ml polystyrene tubes. To each 100 ul of serum dilution, 100 ul 
of sensitized RRBC were added. Tubes were incubated for 30 min at 
37 С in a waterbath and subsequently centrifugea (500 g, 5 min) to 
pellet non-lysed cells. From supernatans 100 ul were transferred to 
flat-bottom microtiter plates (Costar). Extinctions were read at 450 
nm using a multichannel Elisa-reader (Titertek). 
Sero 
Mice were anesthetized with ether and exsanguinated from the 
retro-orbital plexus. Blood was allowed to clot for 45 min at room 
temperature followed by 15 min on ice. After centrifugation serum 
was pipetted off and either used immediately in the assays or stored 
at -80 С until use. Inactivation of sera was carried out either by 
heat treatment (30 min at 56 C) or by incubation with zymosan 
(Sigma), achieved by incubating 1 ml of serum with 20 mg of zymo­
san for 30 min at 37 C. After incubation, zymosan was removed by 
centrifugation and the serum used immediately. Fresh guinea pig 
serum and fresh rabbit serum were also used as complement 
sources. Naturally occurring antibodies were removed from these 
sera by adsorption to mouse spleen cells and red blood cells until 
titers became undetectable. Adsorbed sera were stored at -80 C. 
RESULTS 
Phagocytosis of radiolabeled parasites and parasitized erythrocytes 
(PE*) by adherent peritoneal exudate cells 
To demonstrate phagocytosis of PE, radioactively labeled para­
sitized erythrocytes (PE41) were incubated with APEC as described 
above. Determination of the amount of radioactivity associated with 
the APEC after incubation revealed that a small proportion of the 
PE was phagocytozed (Figure 1). The proportion of radioactive ma­
terial that was actually ingested varied with the number of PE* ad­
ded, i.e. when IxlO5 PE* were added per 105 APEC, over 10% of 
the radioactive material was ingested, whereas addition of 1x10' PE* 
resulted in an uptake of only 0.12% (data not shown). 
The amount of radioactive material that was ingested was high­
er when 10% (v/v) fresh normal mouse serum was added during in­
cubation in comparison to heat-inactivated mouse serum. These re­
sults suggested a role for complement in the uptake of PE. We 
therefore incubated' fresh normal mouse serum with zymosan to de­
plete complement activity before it was added in the phagocytosis 
assay. Results showed that pretreatment of serum with zymosan re­
duced the uptake of radioactive material to the same extent as did 
heat inactivation (Figure 1). Essentially the same results were ob­
tained when guinea pig serum was used as a source of complement 
(data not shown). 
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Fig. 1 Effect of ¡nactivation of serum on the uptake of radio-
activity by adherent peritoneal exudate cells (APEC) after incuba-
tion with radioactively labeled parasitized erythrocytes. Data are 
expressed as the percentage of uptake of control (fresh mouse se-
rum) and represent the mean of four experiments +1- SEM. 
Interaction of parasitized erythrocytes with complement 
Complement mediated lysis. To determine whether PE would ac-
tivate complement and be lysed subsequently, IxlO7 PE were incu-
bated with either 10% (v/v) fresh guinea pig serum or fresh rabbit 
serum in a final volume of 1 ml medium. To remove natural anti-
bodies, the sera were preadsorbed with mouse spleen cells and ery-
throcytes as described in Materials and Methods. Incubation was 
carried out at 37 С for 30 min in a shaking waterbath. Cell counts 
were made using a hemocytometer. Results indicated that neither 
guinea pig nor rabbit serum lysed a significant number of PE 
(Table 1). Addition of a subagglutinating amount of anti-mouse ery­
throcyte antibody, however, resulted in lysis of all cells. 
Complement activation by parasitized erythrocytes. Complement 
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Without With Heat-
Source of additional additional inactivated 
complement antibody antibody (control) 
Rabbit serum 9 9 + 2 0 95 + 2 
Guinea pig serum 98 + 3 0 101 + 3 
Table 1 Sensitivity of parasitized erythrocytes to lysis by fresh 
rabbit or guinea pig serum in the presence or absence of additional 
anti-mouse erythrocyte antiserum. Data are expressed as the per­
centage recovery of cells after incubation and represent the mean of 
four values +/- SE. 
might be activated by PE without participation of terminal pathway 
components. To investigate this we estimated the hemolytic comple­
ment level of fresh mouse serum after incubation with PE. Two hun­
dred ul of mouse serum were incubated with 2x10' PE at 37 С for 
60 min in a waterbath. After incubation, serum was separated by 
centrifugation and the hemolytic complement level determined (see 
Materials and Methods). 
Results (Figure 2) indicate that, after incubation with PE, 
mouse serum contained lower amounts of hemolytic complement than 
serum incubated at 37 С for 60 min only. This decrease in hemolytic 
complement levels was not found when serum was incubated with 
uninfected red blood cells derived from either infected animals (con­
taminated with approx. 5-10% PE) or uninfected animals. 
Inhibition of alternative and classical pathway activity. To in­
vestigate whether PE interfered with the alternative or classical 
pathway of complement and whether this was due to activation of 
complement or to other mechanisms, we used the following experi­
mental procedure: Samples of 200 ul of fresh normal mouse serum 
were incubated with 8x10 PE at 37 С for 60 min in the presence of 
either 10 ul of a 0.2 M EGTA solution to prevent classical pathway 
activation, or 10 ul of a 0.2 M EDTA solution to prevent any com­
plement activation during this incubation period. After incubation, 
serum was separated by centrifugation. To measure residual comple­
ment activity the chelators EGTA and EDTA had to be saturated. 
This was achieved by diluting the serum samples with VSB-M. 
Shaded areas in Figure 3b and 3c depict that at these dilutions 
complement-mediated lysis of the sensitized red blood cells by either 
classical or classical and alternative pathway respectively, was still 
inhibited due to the high concentrations of the chelators EGTA and 
EDTA. Further dilution of the serum samples with VSB-M abolished 
inhibition and allowed determination of hemolytic complement levels. 
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Fig. 2 Lysis of sensitized rabbit red blood cells by fresh mouse 
serum preincubated with either normal erythrocytes (Ώ — Ώ), unin­
fected erythrocytes from infected mice (Δ — Α) or infected erythro­
cytes (A — À) in comparison to control serum incubated without 
cells ( Φ — Φ). Data are expressed as percentages lysis of cells af­
ter incubation. 
At these dilutions the curves of the serum samples preincubated 
without cells but in the presence of either EGT A or ED TA coincide 
with the control curve. 
Again results show that incubation of normal mouse serum with 
PE reduced the hemolytic complement level (Figure 3a). Addition of 
EGTA to the serum during incubation with PE did not prevent the 
decrease of complement activity, i . e . alternative pathway activity 
was completely abrogated (Figure 3b). 
Furthermore, addition of EDTA during incubation of normal 
mouse serum with PE could not prevent the decrease in hemolytic 
complement activity either (Figure 3c) . 
These results indicate that the decrease was, at least partly, 
due to mechanisms other than complement activation during preincu­
bation. 
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Fig.3 Lysis of sensitized rabbit red blood cells by fresh mouse 
serum preincubated with parasitized erythrocytes (PE) (open sym­
bols) (O , D , Δ ; in the presence of either VSB-M (a), 0.01 M 
ЕСТ A (b) or 0.01 M ED Τ A (c) in comparison to values obtained 
with serum preincubated without cells (solid symbols) (Щ,Ш,А). 
Treated sera were diluted twofold with VSB-M. Shaded areas indi­
cate that at these dilutions either classical pathway activation (b) 
or classical and alternative pathway activation (c) is blocked. For 
comparison, control values ( · - · from Figure a) are depicted in 
each of the following graphs. Data are expressed as percentage 
lysis of sensitized rabbi't red blood cells after incubation. 
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F ig . 4 Lysis of sensitized rabbit red blood cells by serum of nor-
mal ( · - · ) and malarious ( O - O ) mice. Data are expressed as the 
percentage lysis of cells after incubation. 
Hemolytic complement activity of serum from malarious mice 
In vitro results indicated that high numbers of PE reduced 
hemolytic complement activity of mouse serum. The question is 
whether this occurred in the in vivo situation, i .e . in mice with 
malaria infections. Figure 4 shows that sera from mice at day 8 of 
infection with parasitemia over 20%, exhibited very low hemolytic 
complement levels when compared to control serum. 
DISCUSSION 
During a primary malaria infection, erythrocytes become pro-
foundly altered morphologically as well as biochemically, due to 
parasitization (Aikawa and Miller 1983, Howard 1982). These altera-
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tions induce antibody formation against determinants on infected as 
well as uninfected red blood cells (Ronai ef al. 1981, and unpub-
lished results) . Antibody bound to red cells may activate comple-
ment provided the antibody is of the appropriate subclass and re-
sults either in opsonization or lysis of the cell. Both enhanced ery-
throphagocytosis (Roth and Herman 1979) and complement mediated 
lysis (Facer 1980b) have been implicated in the development of 
hemolytic anemia during a malaria infection. But sequestration and 
phagocytosis of parasitized erythrocytes due to rheological alter-
ations (Wyler 1983) of the erythrocyte and destruction of parasi-
tized erythrocytes as a consequence of schizogony (Greenwood et 
al. 1978) participate in the process, too. Despite the observed 
presence of antibodies and complement components on the infected 
and uninfected erythrocytes of malarious individuals a correlation 
with hemolytic anemia was only found occasionally (Facer 1980b). 
Previous work has shown that in our experimental model, macro-
phages from normal mice do not phagocytose uninfected erythrocytes 
from malarious mice and ingest only a small proportion of the in-
fected erythrocytes (Brooks and Kreier 1978, Schetters et al. 
1983). In contrast to work described by Atkinson ef al. (1975), 
who did not find in vivo evidence for protective effects of com-
plement, the experiments described here indicate that complement is 
involved in this phagocytosis process and suggest an immunoprotec-
tive rather than a deleterious effect of the complement system in 
primary malaria infections (Figure 1) . Possibly PE become coated 
with C3b molecules that are generated as a result of complement 
activation. Although complement activation is suggested, lysis of PE 
due to this activation could not be detected (Table 1 ) . Similar 
results have been reported recently using P. falciparum infected 
erythrocytes (Stanley eí al. 1984). Some workers support the idea 
that this might be due to the presence of the C3b-inactivator com-
plex on the erythrocyte surface (Rademaker eí al. 1981). This in-
activator converts C3b into C3bi that can be recognized by macro-
phages but cannot cleave C5 (Ross 1981). Thus, PE would be opso-
nized but not lysed. Complement-mediated lysis of PE, however, did 
occur in the presence of anti-erythrocyte antibody (Table 1) , which 
argues against the C3b-inactivator complex on the erythrocytes. It 
further suggests that if the erythrocytes used were coated with 
antibodies or immune complexes, then these were not able to acti-
vate the complement system by the classical pathway. Hence, 
complement-mediated lysis does not seem to be responsible for ery-
throcyte loss at this stage of infection. It should be pointed out, 
however, that the proportion of PE actually ingested by the macro-
phages is small, indicating that few PE carry determinants that 
trigger phagocytosis. Likewise, the amount of lysis that can be 
measured after incubation of PE with complement might be below the 
detection limit. 
The assay system for hemolytic complement levels in sera of 
mice (Van Dijk eí al. 1980) allowed analysis of changes in hemolytic 
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complement levels of normal mouse serum (NMS) after incubation 
with PE. Incubation of NMS with PE resulted in a decrease of hemo-
lytic complement levels, and alternative pathway activity was almost 
completely abrogated (Figure 3a and 3b) . When uninfected erythro-
cytes from the same mice were used, no effect on hemolytic comple-
ment was found (Figure 2) . These results are in accordance with 
those reported by Krettli ef al. (1976), who used the immune com-
plex release assay (CRA) to measure alternative pathway activity. 
Thus, PE or PE-derived substances seem to be able to activate com-
plement by the alternative pathway. Because addition of EDTA to 
prevent both classical and alternative pathway activation during in-
cubation of NMS with PE did not prevent a decrease in hemolytic 
complement level (Figure 3c) , the results suggest that a complement 
activating factor (or a complement inhibitor) is released by PE 
during incubation. 
Comparable results were found in in vivo situations. Sera from 
mice with malaria infections had no or very low hemolytic comple-
ment levels (Figure 4, Krettli ef al. 1976). In addition, it was 
found that alternative pathway activity was decreased during a P. 
berghei infection (Krettli ef al. 1976). Several reports suggest that 
this reduced complement activity may be due to complement con-
sumption as a result of activation by immune complexes generated 
during malaria infection (Ward and Conran 1966, Ward and Kibuka-
musoke 1969) whereas others suggest that decreased complement 
production accounts for the hypocomplementary state found in mala-
ria infection (Williams ef al. 1975). The results presented here do 
not exclude these possibilities; however, they provide evidence that 
a PE-derived factor that decreases hemolytic complement levels is 
produced during malaria infection. The paralysis of this defense 
mechanism of the host against the malaria parasite or parasitized 
erythrocyte may help the parasite to evade the host's immune re-
sponse . 
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CHAPTER III 
IMMUNE PHAGOCYTOSIS OF PLASMODIUM BERGHEI PARASITES 
BY MONONUCLEAR PHAGOCYTES* 
Schetters, T.P.M., Van Run-Van Breda, J.H.J, and Eling, W.M.C. 
INTRODUCTION 
The observed hepatosplenomegaly and the storage of pigment 
in phagocytic cells of animals suffering from Plasmodium berghei ma-
laria point to the mononuclear phagocyte system (MPS) as part of 
the defense mechanism of the host against the malaria parasite (Van 
Zon eí al. 1978, Kreier & Green 1980, Wyler 1983). During the on-
set of infection parasites and parasitized erythrocytes are phago-
cytozed and after the generation of specific antibodies might be 
opsonized and killed (Brooks & Kreier 1978, Kreier & Green 1980). 
Both the spleen and liver are involved in the removal of parasite 
material (Wyler 1983) and especially the spleen is of importance 
since it is involved in the physiological clearance of senescent ery-
throcytes (Kay 1981, 1984) and the generation of protective immune 
reactions against malaria infection (Wyler et al. 1977, Eling 1980b) 
Antibodies present in sera from immune subjects have been impli-
cated in the opsonization and/or killing of parasites, since admini-
stration of immune serum to infected subjects reduces parasite pro-
liferation (Cohen eí al. 1961, Murphy & Logie 1984). 
In the studies presented here we Investigated in vitro the abi-
lity of adherent cells from both the spleen and peritoneal cavity to 
phagocytoze parasites and parasitized erythrocytes. Furthermore, 
the effect of heat inactivated immune mouse serum on this uptake 
was determined. 
Based on "Immune phagocytosis of Plasmodium berghei par-
asites by mononuclear phagocytes", published in Cell Biology 
International Reports (1983) 7, 402. 
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MATERIALS AND METHODS 
Mice 
Six to eight weeks old outbred Swiss mice of both sexes were 
used in the experiments and for passage of the parasite. The ani-
mals were obtained from colonies of the animal facility of the Uni-
versity of Nijmegen and received food (RMH, Hope Farms) and 
drinking water ad libitum under SPF conditions. 
Parasite 
P. berghei, strain K173, was maintained by weekly passage of 
105 parasitized erythrocytes (intraperitoneally) from heavily infected 
mice to clean recipient mice of the same strain and sex. Parasitemia 
was determined from thin blood smears. Smears were stained witl* 
May-Grünwald/Giemsa solutions. 
Purification of parasitized erythrocytes and parasites 
Suspensions of purified parasitized erythrocytes were prepared 
essentially as described before (Eling 1977). Briefly, infected blood 
was taken from mice at day 7 or 8 after infection. Heparin (5 U/ml) 
was added to prevent clotting. Blood was diluted once with medium 
and applied to a column containing three volumes of Sephadex G-150 
Superfine (Pharmacia) and one volume of SE-23 (Servaceli) to re-
move white blood cells. The cells recovered in the column eluate 
were diluted to five times the original blood volume and separated 
by density centrifugation using a cushion of Percoli (Pharmacia) 
with a density of 1.094. After centrifugation the interphase was 
harvested and washed three times with medium. These suspensions 
contained over 90% parasitized erythrocytes (PE). Free parasites 
were prepared by osmotic lysis of parasitized erythrocytes. To 100 
ul of pelleted PE 1 ml of ice cold ammonium chloride (7.5 g/ l)-Tris 
(2.1 g/1) solution (pH 7.2) was added for five minutes on ice. Af-
ter lysis 10 ml medium was added to restore osmolality. The cells 
were pelleted and washed twice by centrifugation at 15000 rpm 
using a Sorvall Superspeed with a HB 4 rotor. 
Sero 
Serum was obtained from either normal or immune mice. Mice 
were anesthetized with ether and bled from the retro-orbital plexus. 
Blood was allowed to clot for 30 minutes at room temperature and 
an additional 30 minutes at 4 C. Serum was removed after centrifu-
gation (1500 rpm), inactivated by heat treatment (30 minutes at 
56 C) and stored at -20 С 
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Phagocytosis assay 
Peritoneal exudate cells (РБС) were harvested from normal 
Swiss mice by peritoneal lavage (Conrad 1981). Cells were washed 
once in medium (Medium 199, Dutch modification. Flow) containing 
heparin (5 U/ml), penicillin (100 IU/ML), streptomycin (0.1 mg/ml) 
and sodium hydrogen carbonate (10 mM, and fetal calf serum (FCS, 
10% v/v), hereafter to be referred to as medium. Cells were diluted 
to 5 x l 0 5 cells/ml. Spleen cells were prepared by mincing a spleen 
using a nylon sieve to obtain a single cell suspension. The cells of 
one spleen were suspended in a volume of 8 ml medium. To obtain 
adherent cell fractions cells were pipetted into tissue culture 
clusters (24 wells, Costar) containing 15 mm round coverslips 
(Thermanox 5414, Miles Laboratories) with bent edges to facilitate 
manipulation. Cells were allowed to adhere onto the coverslips for at 
least 2 hours at 37 C. Non-adherent cells were removed by gently 
washing the coverslips in warm (37 C) saline solution. Subsequently 
the coverslips were placed in wells with either normal erythrocytes 
or parasitized erythrocytes or free parasites for phagocytosis for 
90 minutes at 37 C. Non-phagocytozed cells were removed by 
washing the coverslips in warm saline solution (37 C). Coverslips 
were mounted on object slides fixed in warm methanol (37 C) and 
stained with May-Grünwald/Giemsa solutions. Per coverslip 300 cells 
were evaluated. The extent of phagocytosis was expressed as the 
percentage of adherent cells that showed phagocytic activity. 
RESULTS AND DISCUSSION 
Incubation of adherent peritoneal exudate cells (APEC) with 
free parasites (P) in the presence of heat-inactivated normal mouse 
serum (10%, v / v ) revealed that a large proportion of the macro-
phages recognized and phagocytozed these parasites (72%) (Figure 
1С). No such phagocytosis was found after incubation of parasitized 
erythrocytes with APEC i .e . 4% of the macrophages phagocytozed PE 
(Figure IB) . This was, however, a higher percentage when com­
pared to the value obtained with normal erythrocytes (E) (2%). 
These results confirm those of other workers (Lustig et al. 1979, 
Wyler 1983) and indicate that phagocytosis of parasitized erythro­
cytes as such is no major defense mechanism of the host against the 
malaria parasite. Addition of immune serum (10%, v/v) to the cul­
tures revealed that a slightly higher proportion of the macrophages 
took up particles. These differences were not statistically signifi­
cant. This does not mean that immune serum did not opsonize the 
cells as described by other workers (Brooks & Kreier 1978, Kreier 
h Green 1980, Celada et al. 1982) since no determinations on the 
number of cells ingested were carried out. Rather the results sug­
gest that immune serum does not influence the ability of APEC as 
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Fig. 1 Percentages of phagocytozing cells. Coverslips with adher­
ent peritoneal exudate cells (APEC) and adherent spleen cells 
(ASC) were incubated with E (Figure A and D), PE (Figure В and 
E) or Ρ (Figure С and F) in the presence of NMS or IMS for 90' at 
37 C. Percentage of phagocytozing cells was determined by micro­
scopical observation. Data represent the mean +/- s.d. (Dotted bars 
represent data of an independent experiment). 
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such to recognize and take up cells implicating that both aspeciflc 
and Fc receptors are present on these phagocytic cells. This is in 
contrast to the results obtained with adherent spleen cells (ASC). 
Incubation of ASC with either normal erythrocytes, infected ery-
throcytes or free parasites in the presence of normal mouse serum 
(10%, v/v) revealed no significant differences (Figure 1D-F). About 
five percent of the adherent cells contained phagocytozed material. 
This indicates that, in contrast to APEC, ASC were not able to re-
cognize additional structures on parasitized erythrocytes and free 
parasites that enable phagocytosis when compared to normal ery-
throcytes. When immune mouse serum was added to the cultures 
(10%, v/v) a considerable proportion of ASC phagocytozed free par-
asites (Figure IF) and in some experiments parasitized erythrocytes 
(Figure IE). This indicates that ASC pósese Fc-receptors for the 
uptake of particles and points to the immunological clearance mech-
anism described to be present in the spleen (Kay 1981, 1984). Since 
mature parasite stages in erythrocytes are suggested to exhibit 
more parasite specific entities then young parasite stages (Bull. 
WHO 1984, Newbold 1984) the variation between the different exper-
iments might be due to the composition of the parasitized erythro-
cyte suspensions. On the other hand, the amount of opsonizing 
antibodies may differ in individual pools of immune serum. Opsoni-
zation of free parasites has been described before (Brooks & Kreier 
1978, Makimura 1982) and since only merozoites are invasive para-
site stages opsonization of merozoites and parasitized erythrocytes 
is suggested to be related to immunity only (Kreier & Green, 1980). 
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CHAPTER IV 
PLASMODIUM BERCHEI: RELATIVE IMMUNOGENICITY OF 
INFECTED RETICULOCYTES AND OXYPHILIC RED BLOOD CELLS* 
Schetters Th.P.M., Van Zon A.A.J.С. and Eling, W.M.C. 
INTRODUCTION 
Humoral as well as cell mediated immune mechanisms are con­
sidered to be protective in malaria immunity (Jayawardena 1981). 
Both indirect immunofluorescence assays and phagocytosis assays 
are used to test the reactivity of antibodies from immune individuals 
against infected red blood cells (Celada ef al. 1982, Schetters et al. 
1983). Quantitation of the results obtained revealed that a small 
proportion of the infected red blood cells is recognized by anti­
bodies from immune serum, suggesting that only a small number of 
the peripheral parasitized red blood cells is carrying parasitic or 
altered-self epitopes (Schetters ef σ/. 1983, Lustig ef al. 1979). 
Certain parasite stages i . e . late trophozoites and schizonts 
have been shown to produce and exhibit immunogenic molecules on 
the surface of the erythrocyte (Boyle ef al. 1982, Newbold 1984). 
However, it has been argued before that not only the parasite stage 
but also the cell it inhabits plays an important role in the induction 
of immunity (Jayawardena ef al. 1983, Playfair 1978). Plasmodium 
species preferentially proliferating in reticulocytes give rise to less 
aggravated infections than species proliferating in oxyphilic red 
blood cells (Jayawardena ef al. 1983). The same accounts for sub­
strains that have been isolated on account of their host cell speci­
ficity (Panton ef al. 1984). 
The question adressed in this paper is whether or not infected 
reticulocytes are more immunogenic than infected oxyphilic red blood 
cells. Using Plasmodium berghei in mice we compared the ability of 
infected mature red blood cells and infected reticulocytes to react 
with opsonic antibodies from immune serum and to induce transfor­
mation of spleen cells from immune mice. 
Accepted for publication in Experimental Parasitology (1986) 
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MATERIALS AND METHODS 
Mice 
Inbred BIO.LP mice of both sexes were obtained either from 
colonies of the animal facility of the University of Nijmegen or from 
T .N.O. Zeist (The Nether lands) . Mice used for passage of the p a r -
asite and for the experiments were 6-8 weeks old and kept in p las -
tic cages under specific pathogen free conditions. They received 
s tandard food (R.M.H. Hope Farms) and dr inking water ad libitum. 
Parasite 
P. berghei, s t rain K173, was maintained by intraperitoneal 
subinoculation of infected blood containing 1x10 parasitized e r y -
throcytes (PE) into healthy mice at weekly in te rva l s . Parasitemia 
was determined in blood smears made from tail blood. Smears were 
stained with May-Grünwald/Giemsa solutions. 
Immunization procedure 
Mice were immunized according to the procedure described p r e -
viously (Eling and Jerusalem 1977). Mice were infected with 1x10' 
parasitized ery throcytes (PE) intraperi toneally. After 2 days su l -
fadiazine (30 mg/1) was added to the dr inking water for a period of 
31 days to prevent patent parasitemia. After that time the mice r e -
ceived normal drinking water again, and were challenged with 1x10" 
PE ( i . p . ) two days later to ascertain the degree of immunity. Mice 
that did not develop a detectable parasitemia or cleared a t ransient 
parasitemia with peak values below 5% after challenge were consid-
ered to be immune. Such mice do not develop patency after a s u b -
sequent challenge. Immune serum was prepared from immunized 
mice, four weeks after challenge infection. 
Parasitized erythrocytes 
Mice inoculated with 10 PE intraperitoneally exhibited a p r e -
patent period of 4 days followed by a rapidly progress ing p a r a -
sitemia with peak values on day 7 to 8 after infection (Figure 1 ) . 
In this phase of infection parasites were almost exclusively found in 
oxyphilic (mature) red blood cells and the blood of these mice was 
used as a source of infected mature e ry th rocy tes . 
To obtain infected reticulocytes mice were made anemic by 
hyperbleeding from the retro-orbital plexus (250-300 ul of blood) 
one day before and one day after infection. Parasitemia developed 
much faster in such mice and 5 days after infection over 60% of the 
parasi tes could be found in polychromatophilic e ry throcytes . Blood 
of these mice was used as a source of infected reticulocytes 
(PRET). 
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Infected red blood cells were purified as described before 
(Schetters ef al. 1985). Briefly, infected blood was collected in 
heparin (5 U/ml) and diluted once with Medium 199 (Dutch modifica­
tion, Flow Laboratories). Leucocytes and platelets were removed by 
passage through a column filled with a 3 ml mixture of 1 part ion-
exhanger (Servaceli SE-23, Serva Feinbiochemice, Heidelberg, Ger­
many) and 3 parts Sephadex G-150 Superfine (Pharmacia, Uppsala, 
Sweden) prepared in phosphate buffered saline. The red blood cells 
eluted from the column were layered onto a cushion of Percoli 
(Pharmacia) with a density of 1.094 and centrifugea at 1500 g for 
20 min. After centrifugation the cells of the interphase which are 
enriched for infected red blood cells, were collected, washed, 
counted and used in the assays. 
Media 
RPMI 1640 (Gibco) buffered with HEPES (20 mM) and sodium-
hydrogencarbonate (10 mM), supplemented with L-glutamin (2 mM), 
penicillin (100 lU/ml), 2-mercaptoethanol (5.10 mM) and heat in­
activated fetal calf serum (FCS, 20% v/v) was used in the 3 day 
lymphocyte transformation assay. 
Medium 199 (Dutch modification. Flow Laboratories) supple­
mented with penicillin (100 lU/ml), streptomycin (0.1 mg/ml), 
sodiumhydrogencarbonate (10 mM) and heat inactivated FCS (10% 
v/v) was used for the short term opsonization assay. 
Opsonization assay 
The opsonization assay has been described in detail before 
(Schetters ef al. 1985). Briefly, radioactively labeled (3H-me-
thionin) parasitized erythrocytes (1x10') were incubated with spleen 
cells that adhered onto plastic coverslips (approx. 2x l0 5 cells per 
coverslip) in the presence of heat inactivated serum from either 
normal or immune mice (10% v/v). Cultures were set up in triplicate 
at 37 С for 90 min. Adherent spleen cells were used because they 
exhibit immune-mediated uptake of particles thus increasing the 
sensitivity of the assay (Schetters ef al. 1983). After incubation 
non-phagocytozed cells were flushed off the coverslips by washing 
in warm saline (37 C). The amount of radioactivity on the cover­
slips was determined by liquid scintillation counting (PRIAS, 
Packard). 
Phagocytosis assay 
The phagocytosis assay is a modification of the opsonization 
assay and was used to determine whether infected red blood cells 
were phagocytozed non-immunologically. Adherent peritoneal exudate 
cells that adhered onto plastic coverslips were used because of their 
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ability to take up foreign particles efficiently in a non-immunological 
way (Schetters ef al. 1983). In these experiments the infected red 
blood cells were not labeled radioactively and were incubated with 
the macrophages for 90 minutes at 37 С in the presence of 10% 
(v/v) normal mouse serum. The extent of phagocytosis was deter­
mined by histological examination of the coverslips that were fixed 
in warm methanol (37 C) and stained with May-Griinwald/Giemsa 
solutions. The percentage of macrophages per coverslip that had 
phagocytozed was determined by examining 500 cells per coverslip. 
Lymphocyte stimulation assay 
Immune spleen cell suspensions were prepared from spleens of 
immunized mice 2 to 4 weeks after challenge infection. Spleens were 
removed aseptically and cell suspensions were prepared as described 
previously (Van Zon et al. 1986). Briefly, the spleen was squeezed 
through a nylon sieve to obtain a cell suspension. These suspen­
sions were incubated on glasswool columns to remove adherent cells. 
The non-adherent cells were eluted from the column and contamina­
ting red blood cells lysed by ammonium chloride treatment. Spleen 
cells (7.5x10 ) were cultured with infected erythrocytes or phyto-
hemagglutinin (PHA) in a total volume of 150 ul in microtiter plates 
(Costar, flat bottom wells) for 3 days in a humidified atmosphere 
with 5% carbon dioxide in air at 37 С Cultures were set up in 
eightfold. Eighteen hours before harvesting 1 uCi ^Η-thymidine was 
added to the cultures (spec. act. 25 Ci/mmol, Amersham Int . ) . Cul­
tures were harvested on filter paper using a cell culture harvester 
(Scatron). The amount of radioactively labeled DNA that had been 
synthesized in the cells and retained on the filter paper was deter­
mined by liquid scintillation counting (Packard Liquid Scintillation 
Counter). 
RESULTS 
To obtain infected reticulocytes mice were made anemic by par­
tial bleeding one day before and one day after infection as de­
scribed above. These hyperbled mice developed a characteristic pri­
mary infection (Figure 1) . The prepatent period (the time period 
between inoculation of the parasite and patency) was shortened with 
one day to 3 days and the parasitemia rose significantly faster when 
compared to a normal primary infection. Furthermore, in hyperbled 
mice the majority of the parasites (over 60%) inhabited polychro-
matophilic stained red blood cells that were present in significantly 
increased numbers as compared to normal infections untili day 4 to 
5 of infection. After this time the number of polychromatophilic red 
blood cells decreased rapidly and parasites were found almost ex­
clusively in oxyphilic red blood cells. Control mice developed para-
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Fig. 1 Course of a primary P. berghei infection and reticulocy-
tosis in hyperbled and control mice. The data represent the mean 
percentage parasitemia c.q. polychromatophil ic erythrocytes of five 
mice. 
О—О parasitemia in hyperbled mice, Ά—-¿г polychromatophilic ery­
throcytes in hyperbled mice, · — · parasitemia in control mice. 
if—* polychromatophilic erythrocytes in control mice. Level of sig­
nificance p<0.01 (two-tailed Wilcoxon test). OX = parasites are re­
stricted to oxyphilic erythrocytes, Ρ = parasites are restricted to 
polychromatophilic erythrocytes, M = parasites are found in oxy­
philic as well as polychromatophilic erythrocytes. 
sitemias that were restricted to oxyphilic red blood cells from one 
day after patency onwards. There was no significant difference be­
tween the mean survival times (days +/- s .d.) of both groups of 
mice, 8.2 +/- 1.1 for the hyperbled mice and 9.0 +/- 1.0 for the 
control mice. 
Infected red blood cells were incubated with peritoneal macro­
phages in the presence of heat inactivated normal mouse serum 
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Characterization of infected red blood cells 
exp. 
I 
II 
infected 
red blood 
cells 
PRET 
PE 
PRET 
PE 
phago­
cytosis 
(%) 
8 + 2 a 
3 + 1 
7 + 3 b 
5 + 1 
para­
sitemia 
(%) 
91 
98 
56 
90 
parasite 
ι 
ring 
11 
<1 
11 
1 
stage 
(%) 
troph 
80 
96 
89 
90 
polychro-
matophils 
schiz 
9 
4 
<1 
9 
(%) 
75 
6 
27 
2 
Table 1 Phagocytosis of P. berghei infected red blood cells by 
adherent peritoneal exudate cells in the presence of heat inactivated 
normal mouse serum, and characterization of the cell suspensions 
used. 
PRET = parasitized reticulocytes; PE = parasitized mature red blood 
cells; troph = trophozoite; schiz = schizont. 
alevel of significance p<0.01 (two-tailed Student's-t test for un­
paired observations). 
''not significantly different from value obtained with PE. 
(NMS, 10% v/v) as described in Materials and Methods. Analysis of 
the coverslips revealed that a higher percentage of macrophages 
had phagocytozed PRET when compared to PE (Table 1). This dif­
ference however, was not always found to be statistically significant 
(Student's-t test for unpaired observations). It is important to keep 
in mind that PRET suspensions contained more polychromatophilically 
staining red blood cells, the majority of which were infected. When 
the infected red blood cell suspensions were characterized with re­
gard to the distribution of the developmental stages of the parasite, 
results showed that there was a slightly higher percentage of young 
developmental parasite stages in PRET suspensions when compared 
to PE suspensions (Table 1). Although the percentage schizonts in 
the preparations varied this was not correlated with the percentage 
of phagocytozing cells. 
To determine opsonization of infected red blood cells by heat 
inactivated immune mouse serum (IMS) radioactively labeled PRET 
and PE suspensions were incubated with macrophages in the pres­
ence of either NMS or IMS. When data are expressed as opsonization 
indices (O.I. = uptake of radioactivity in the presence of IMS di-
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exp. opsonizationindex + S.E.M. 
PRET PE 
1 7.3 + 0.7 2.0 + 0.2 
2 4.5 + 0.6 4.6 + 0.4 
3 7.4 + 2.4 3.3 + 0.4 
4 8.8 + 2.5 6.6 + 0.9 
Table 2 Opsonization of P. berghei infected erythrocytes by se­
rum from immune mice. The opsonization index + standard error of 
the mean, η = 3 (phagocytosis value in the presence of immune 
mouse serum divided by the phagocytosis value in the presence of 
normal mouse serum) is given for four independent experiments. 
PRET = parasitized reticulocytes 
PE = parasitized mature red blood cells 
vided by the uptake of radioactivity in the presence of NMS) then 
O.I. for PRET was equal to or higher then the O.I. for PE. The 
results of four experiments are listed in Table 2. Statistical eva­
luation of the results using Student's-t test for paired observations 
revealed that the difference was highly significant (p<0.005, two 
tailed). 
Several experiments were performed to determine the capacity 
of PRET and PE to stimulate spleen cells from immune mice. The re­
sults of a typical experiment are depicted in Figure 2. Results 
showed that both types of infected red blood cells were stimulatory 
to immune spleen cells. This stimulation was dose dependent, 
reached a maximum and beyond this a further increase in the num­
ber of stimulatory cells resulted in a progressive suppression of 
3H-thymidine incorporation which could fall below background lev­
els. PRET were significantly better stimulator cells than PE, i . e . 
approx. ten times less PRET were needed to obtain the same or 
even better stimulation when compared to PE. Stimulation of normal 
spleen cells with PRET revealed that only IxlO 5 cells were stimu­
latory though this stimulation was small when compared to the sti­
mulation of immune spleen cells. PE were not stimulatory to normal 
spleen cells. When the number of stimulatory cells was increased to 
1x10 or more again suppression of Η-thymidine incorporation was 
found when compared to control levels obtained with medium only. 
Although the results described in Figure 2 could be repro­
duced the difference in stimulatory activity between PRET and PE 
varied as was found in the opsonization assay. In four out of six 
experiments PRET were found to be better stimulator cells then PE. 
However, PRET were never found to be less stimulatory then PE. 
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rumbe г of 
ΡΕ/PRET added 
F i g . 2 Lymphocyte stimulation of normal spleen cells and spleen 
cells of mice immune to P. berghei, by either parasitized mature red 
blood cells (PE) or parasitized reticulocytes (PRET). The mean net 
d.p.m. values of at least four cultures are depicted against the 
number of stimulator cells added. The SEM values are less then 
10%. 
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DISCUSSION 
Vaccination against the blood stages of malaria is one way to 
decrease the mortality as a result of malaria infection but it seems 
very hard to recognize the antigens against which a protective im-
mune response is directed (Jayawardena 1981). Some results have 
been obtained with killed and/or fixed parasites but immunization 
was only complete after the animals had survived a challenge infec-
tion (Playfair eí al. 1977, Eling and Jerusalem 1977, Holder and 
Freeman 1981). From these results it is concluded that the antigen 
used for immunization was either to less or did not contain all the 
antigenic determinants necessary to induce solid immunity, i . e . some 
determinants are generated during the infection after the first 
challenge. 
It has been suggested before that not only the parasite stage 
but also the cell it inhabits determines the immunogenicity of a 
parasitized erythrocyte (Playfair 1978, Jayawardena ef al. 1983). It 
was recognized that parasite species which proliferate in reticulo-
cytes are less harmfull than parasite species which proliferate in 
mature red blood cells. However, these experiments were carried 
out with different parasite species and parasite strains and there-
fore did not discriminate between enhanced immunogenicity of the 
parasites used and enhanced immunogenicity as a result of proli-
feration in reticulocytes (Panton eí al. 1984, Jayawardena et al. 
1983). 
Using the P. berghei-mouse model it was not found that a pri-
mary infection in reticulocytes was less harmfull to the host than a 
primary infection in mature red blood cells (Figure 1 ) . This might 
be explained by the fact that the infection develops very rapidly in 
these mice and that the mice die even before a protective immune 
reaction becomes operative (the mean survival time was approx. 8 
days) , in contrast to a lethal P. yoelii infection that develops 
slower (Playfair eí al. 1977) and can be turned into a non-lethal 
one by Phenylhydrazine treatment of the mice during infection 
(Jayawardena eí al. 1983). Furthermore, malaria infection is accom-
panied by immunosuppression that may interfere with the develop-
ment of protective immunity (Greenwood eí al. 1971, Eling 1982). 
The in vitro experiments described here show that suspensions 
enriched for parasitized reticulocytes contain more immunogenic de-
terminants than suspensions enriched for parasitized mature red 
blood cells. It might be concluded that parasitized reticulocytes ex -
hibit antigenic determinants not exhibited on parasitized mature red 
blood cells. In addition, reticulocytes have a higher expression of 
class I MHC determinants than mature red blood cells and might 
therefore be better inducers of immunity (Jayawardena eí al. 1983). 
Another explanation may be that suspensions enriched for parasi-
tized reticulocytes contain more immunogenic parasite stages. In 
contrast to other groups we did not find a correlation between the 
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percentage mature parasite forms and reactivity of immune serum 
i .e . opsonization (Newbold 1984). The two possibilities do not have 
to exclude one another; it might be hypothesized that young para-
sites within reticulocytes exhibit the crucial immunogenic deter-
minants. K.N. Brown and co-workers (1982) have shown the close 
association between parasite derived determinants and self reactive 
determinants on the surface of infected reticulocytes, and the reac-
tivity against the self determinants was directed against reticulo-
cytes rather than mature red blood cells (Brown ef al. 1980). If the 
unique combination between a certain parasite stage and a certain 
red blood cell stage provides the immunogenic determinant than this 
would explain the differences between the various experimental re -
sults (Table 2, Figure 2) because then the percentage immunogenic 
cells varies highly between different suspensions. 
The results described in this paper provide in vitro evidence 
that parasitized reticulocytes are more immunogenic than parasitized 
normocytes which has been suggested by other workers (Poels et 
al. 1977, Jarra and Brown 1980, Jayawardena et al. 1983). This 
may be important in the light of the development of a vaccine and a 
diagnostic test for screening susceptibility to the disease. 
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CHAPTER V 
SPECIFICITY OF ANTI-ERYTHROCYTE ANTIBODIES 
IN PLASMODIUM BERCHEI MALARIA* 
Schetters Th., Herrasen С , Van de Wiel Th., De Rijk E., 
Van Zon A. and Eling W. 
INTRODUCTION 
Anemia is a serious complication of malaria infection (Green­
wood et al. 1978, Weatherall & Abdalla 1982). It has been shown 
that the total number of erythrocytes lost is higher than the num­
ber that is lost due to proliferation of the parasite. This indicates 
that not only infected but also uninfected erythrocytes are removed 
from the circulation (Jerusalem 1964, 1965, Zuckermann 1966). Anti­
bodies have long been implicated in the pathogenesis of anemia 
(Zuckermann 1960, Jerusalem 1965). During malaria infection ery­
throcytes can become coated with immunoglobulins (Lustig et al. 
1977, Facer ef al. 1979, Ronai e i al. 1981, Ronai & Sulitzeanu 1983) 
that may lead to erythrophagocytosis and complement activation 
(Jerusalem 1965, Lustig e i al. 1977, Roth & Herman 1979, Newsome 
1984). The question as to whether these immunoglobulins are part 
of an adsorbed immune complex or represent specific anti-erythro-
cyte antibodies has not been solved yet. Both, surface bound im­
mune complexes consisting of antibodies with anti-malaria specificity 
(Facer 1980a), and a correlation between anemia, anti-erythrocyte 
antibodies and malaria have been reported (Roth & Herman 1979, 
Lustig et al. 1979, Frankenburg ei al. 1984). It was suggested that 
alteration of erythrocyte molecules (Howard & Day 1981, Howard 
1982) probably as a result of infection (Vincent & Wilson 1980, 
Howard 1982) induces the production of antibodies with specificity 
for self molecules (Lefrancois ei al. 1981, Brown K.N. ef al. 1982). 
In the studies presented here it has been investigated whether in 
the Plasmodium berghei-mouse model immunoglobulins can be detec-
Submitted for publication 
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ted on the surface of erythrocytes in the course of infection and 
whether these immunoglobulins are directed against erythrocyte mol-
ecules. In addition, the presence and specificity of anti-erythrocyte 
antibodies in sera from P. berghei infected mice has been analyzed. 
MATERIALS AND METHODS 
Mice 
Inbred BIO.LP and outbred Swiss mice of both sexes were ob-
tained from colonies of the animal facility of the University of Nij-
megen. Mice used in the experiments were 6 to 8 weeks old and 
kept in plastic cages under specific pathogen free (S .P .F . ) condi-
tions and received standard food (RMH, Hope Farms) and water ad 
libitum. 
Parasite 
P. berghei, strain K173 was maintained by weekly inoculation 
of 105 parasitized erythrocytes (PE) from infected donor mice into 
clean mice (intraperitoneally, i . p . ) . Parasitemia was determined from 
bloodsmears made from tail blood. Smears were stained with May-
Grünwald/Giemsa solutions. 
Erythrocyte purification 
Mice were bled from the retro-orbital plexus using a hepa-
rinized capillary tube to prevent clotting. All subsequent proce-
dures were carried out at 4 C. Leucocytes were removed as de-
scribed before (Schetters et al. 1985). In short, blood was diluted 
once with Medium 199 (Dutch modification, Flow, hereafter to be re-
ferred to as medium), and passed through a column containing 3 
volumes Sephadex G150-Superfine (Pharmacia) and 1 volume SE-23 
ion exchanger (Servaceli). The eluate was washed twice with me-
dium or phosphate buffered saline (PBS, pH 7.25). 
Sero 
Mice were anesthetized with ether and subsequently bled from 
the retro-orbital plexus. Blood was allowed to clot for 1 h at room 
temperature and another 30 min at 4 С. Serum was removed after 
centrifugation (5 min at 1500 g) and stored at -20 С until use. 
Immune mouse serum was obtained from mice immunized accor­
ding to a previously described protocol (Eling & Jerusalem 1977, 
Schetters ef al. 1986a). 
60 
Agglutination assay 
Antibodies present on erythrocytes were detected by aggluti­
nation of the cells after incubation with rabbit anti mouse immuno­
globulin antisera. Fifty ul of tail blood was collected in a hepa-
rinized capillary tube, and washed once in 3 ml cold (4 C) PBS 
containing heparin (5 U/ml). The cell concentration was adjusted to 
5% (v/v) with PBS. Five ul of the cell suspension was mixed with 
20 ul PBS and 5 ul of the appropriate antiserum. Incubation was 
carried out in round bottom microtiter plates (Costar, 96 wells) at 
4 С for 90 min. Agglutination was scored as follows: an agglutinate 
with a diameter equal to that of the well was scored "++", when the 
diameter of the agglutinate was half that of the well " + " , smaller 
agglutinates were scored " + / - " . 
Antisera 
The antisera used for agglutination were rabbit anti mouse to­
tal immunoglobulins (RAM/Ig), rabbit anti mouse immunoglobulin M 
(RAM/IgM) and rabbit anti mouse immunoglobulin G (RAM/IgG). All 
sera were obtained from Nordic (Tilburg, The Netherlands). When 
present antibodies against normal mouse erythrocytes were removed 
by adsorbtion of the serum to normal red blood cells from Swiss 
mice. 
Antibody elution by heat treatment 
Mice were bled at day 12 of infection and the blood was col­
lected in heparin (5 U/ml). Cells were washed four times with cold 
PBS in a refrigerated centrifuge (4 C). Pelleted cells were mixed 
with 3 ml slurry of Sephadex 4B coated with protein A (Pharmacia). 
The volume was adjusted to 25 ml with PBS. The mixture was then 
incubated at 40 С for 60 min in a waterbath. After incubation the 
mixture was poured into a column and the contaminating red blood 
cells were removed by repeatedly suspending the mixture and elu­
tion with PBS. The immunoglobulins that adhered onto the beads 
were recovered by acid elution as described (Hudson & Hay 1980). 
The eluates were concentrated in collodion bags (Sartorius) by 
vacuumdialysis. 
Acid elution of antibodies 
Erythrocytes from normal mice or infected erythrocytes from 
malarious mice at day 7 or 8 after infection that had been incubated 
with the appropriate sera were washed three times with PBS con­
taining BSA (0.1%, w/v) and Tween 20 (0.025%, v/v) . To a pellet 
of 500 ul cells 1.3 ml of ice cold isotonic glycine-HCl buffer was 
added (10.72 g glycine/1, 8.35 g sodiumchloride/1 and 0.1% BSA 
(w/v) pH=3.0, osmolarity 300 mOsm). Cells were incubated on ice 
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for 3 minutes and subsequently centrifugea at 12000 g for 30 se -
conds using a hemofuge (Heraeus Christ). The supernatant was 
harvested and neutralized with 0.1 M Tris. These eluates were also 
concentrated as described above. 
Western transfer analysis 
To one volume of three times washed pelleted red blood cells 
one volume of a solution containing 1% ( v / v ) Triton X-100, 4% (w/v) 
sodium dodecyl sulphate (SDS) and 10% (w/v) dithiotreitol was ad-
ded and boiled for 5 min. Non soluble material was spinned of 
(Heraeus Christ Haemofuge, 5 min). From the supernatant a volume 
containing the extract of approximately 10 red blood cells was sub-
jected to electrophoresis on a 12% (w/v) Polyacrylamide slab gel in 
the presence of 2% (w/v) SDS (Laemmli 1970) (occasionally a gradi-
ent gel of 6 to 15% (w/v) was used) . The molecular weight markers 
used were Phosphorylase b (94 kD), albumin (67 kD), ovalbumin 
(43 kD) , carbonic anhydrase (30 kD) , trypsin inhibitor (20.1 kD) 
and a-lactalbumin (14.4 kD). These markers allowed an estimation of 
relative molecular weights of separated polypeptides in the range of 
14 to 100 kD. 
The resolved polypeptides were transferred electrophoretically 
to nitrocellulose sheets (Bio Rad) (Towbin e í al. 1979). All sub-
sequent incubations were carried out at 4 С Strips of approx. 
4-5 mm width were incubated for 45 min in PBS containing 1% (w/v) 
bovine serum albumin (BSA) and 0.05% (v/v) Tween 20 and then 
washed for 15 min in PBS containing 0.1% (w/v) BSA and 0.05% 
(v/v) Tween 20 (the latter buffer is called blotbuffer: BB). Sub­
sequently the sheets were incubated with 1 in 50 diluted serum-
samples in BB for 3 hours and after two washes with BB incubated 
with radio-iodinated protein A (I 1 2^-protein A, Amersham) 0.5 
uCi/strip for 45 min. Finally strips were washed 3 times with BB, 
dried and autoradiographed at -80 С using Kodak X-AR 5 film. 
When indicated strips were processed by incubation with 1 in 
200 diluted rabbit anti mouse immunoglobulins conjugated to horse 
radish peroxidase (RAM/PO, Dakopatts) for 60 minutes. After two 
washes with BB and one subsequent wash with PBS substrate was 
added (diaminobenzidine in PBS, 0.17 ug/ml and 0.4 ul H 2 0 2 (30% 
v/v)/ml). When bands were sufficiently distinct, sheets were trans­
ferred to aqua dest to stop further processing. 
RESULTS 
Presence of Immunoglobulins on erythrocytes in the course of Infec­
tion 
A group of male Swiss mice was infected at day 0. The pres­
ence of immunoglobulins on the erythrocytes was monitored on sev-
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dead 
controls - - - - - - - - - - -
(6 mice) 
F i g . l Presence of immunoglobulins on erythrocytes of individual 
mice at different days after infection with 105 parasitized erythro­
cytes. The isotype of the antibody detected is indicated by M for 
IgM and G for IgC. In the upper half of the figure the mean per­
centage parasitemia (+/- s.e.m.) of the group of infected mice is 
depicted. For explanation of agglutination score see Materials and 
Methods. 
eral days after infection using the agglutination assay. The results 
of this experiment are depicted in Figure 1. Considerable amounts 
of antibodies were first detected at day 8 of infection. These anti­
bodies were of the IgM isotype. Not all animals tested had immuno­
globulins on the erythrocytes at this day after infection but even­
tually all but one became positive. At day 10 after infection IgM as 
well as IgG were detected. Those mice that survived until day 12 
after infection only had IgG on their erythrocytes. Six mice served 
as controls and never gave positive results in the course of the ex­
periment. The agglutination reaction was sensitive to temperature in 
that no agglutination occurred when the cells were prepared at room 
temperature or when they were preincubated for 1 hour at 37 С 
(data not shown). 
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Specificity of immunoglobulins eluted from erythrocytes from mala-
rious mice 
Twelve male Swiss mice were infected and their blood was col-
lected at day 12 after infection. Immunoglobulins that were present 
on the erythrocytes were eluted by heat treatment as described in 
Materials en Methods. The antibody isotype of the recovered im-
munoglobulins was heterogenous. All IgG subclasses were found al-
though IgG2a was abundant (data not shown). The specificity of 
the immunoglobulins found was assayed using Western transfer anal-
ys i s . In this experiment a Polyacrylamide slab gel with a continuous 
gradient of 6-15% (w/v) was used to separate polypeptides derived 
from erythrocytes, and radio-iodinated protein A to detect the im-
munoglobulins on the blot strips. The only protein that was recog-
nized by the antibodies migrated at the approx. 30 kD position 
(Figure 2 ) . The relative molecular weight of the 30 kD molecule did 
not change under reducing conditions. 
Interaction of sera from malarious mice with polypeptides derived 
from normal erythrocytes 
To determine whether antibodies present in the sera of mala-
rious mice were directed against red blood cell polypeptides, elec-
trophoretically separated erythrocyte molecules were transferred to 
nitrocellulose sheets and reacted with sera from malarious mice 
(BIO.LP) sacrificed at different days after infection from day seven 
onwards when they were expected to have anti erythrocyte anti-
bodies. Peroxidase conjugated rabbit anti mouse total immunoglob-
ulins was used to detect antibodies on the blot strips. The results 
are depicted in Figure 3. A consistent feature of malarious serum 
was the presence of antibodies against spectrins and the approx. 
30 kD polypeptide. These molecules were not or weakly recognized 
by normal mouse serum (Figure 5, lane A) . 
Elution of anti-erythrocyte antibodies from either normal or Infected 
erythrocytes after incubation with immune mouse serum 
To determine whether the 30 kD molecule was exposed at the 
erythrocyte surface normal and infected erythrocytes (IxlO9) were 
incubated with 100 ul of serum from immune mice with a high titer 
of anti 30 kD antibodies (Brown ef al. 1986) for 60 minutes at 
37 C. After incubation cells were washed three times with PBS con-
taining 0.1% BSA (w/v) and 0.025% Tween 20 ( v / v ) . Adsorbed anti-
bodies were recovered by acid elution as described in Materials and 
Methods. The eluates were reacted with polypeptides of normal ery-
throcytes on nitrocellulose blot strips. The results obtained showed 
that antibodies against the 30 kD molecule and against spectrins 
could be eluted from both infected and normal erythrocytes (Figure 
4 ) . 
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F i g , 2 Autoradiograph of an immunoblot of the eluate of cells 
from infected blood (b and d) against polypeptides of erythrocytes 
(a and с are control blotstn'ps incubated with PBS). Blotstn'ps a 
and b are from a non-reducing gel, с and d are blotstrips from a 
reducing gel. Blots were developed using radio-iodinated protein A. 
Anemia and the presence of anti 30 kD antibodies 
Normal mouse serum sometimes shows weak reactivity against 
the 30 kD molecule (Brown et al. 1986) suggesting a physiological 
role for this antibody (Najjar 1974). Therefore, it was investigated 
whether the antibodies were associated with anaemia as such. 
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F i g . 3 Immunoblot of. sera of infected mice taken at different 
days after infection and reacted with erythrocyte molecules on blot-
strips. At each sampling day two mice were sacrificed. Day 7 after 
infection, lane A; day 8, lane B; day 9, lane C; day 10, lane D; 
day 12, lane E; day 14, lane F. Arrows indicate the spectrins (up­
per) and the 30 kD molecule (lower). Blots were developed using 
RAM/PO. 
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F ig . 4 Immunoblot of eluates prepared from infected erythro-
cytes (lane B) and normal erythrocytes (lane C) on blotstrips con-
taining normal erythrocyte proteins. Lane A was developed with 
PBS alone as a control. Blots were developed using RAM/PO. The 
arrow indicates the 30 kD position. 
Sera of mice bled from the retro-orbital plexus (200 ul) at days 
-14, -10, -7 and - 3 , and sera of mice treated with Phenylhydrazine 
at day -13 (6 mg phenylhydrazine/kg body weight, i.p) were reac-
ted with normal erythrocyte proteins on nitrocellulose blot strips. 
The results showed that both the sera from hyperbled and the sera 
from Phenylhydrazine treated mice contained considerable reactivity 
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F i g , 5 Immunoblot of sera from normal (lane A), hyperbled 
(lanes В, С and D), Phenylhydrazine treated (lanes E and F) and 
immune mice (lane G). Blots were developed using RAM/PO. The 
arrow indicates the 30 kD position. 
against the 30 kD molecule (Figure 5). Sera from hyperbled mice 
showed reactivity against additional erythrocyte molecules (Figure 
5, lanes В, С and D). Normal mouse serum had no or very weak 
reactivity against some erythrocyte molecules (Figure 5, lane A). 
As expected immune mouse serum contained antibodies against a 
wide range of erythrocyte polypeptides (Figure 5, lane G). 
68 
DISCUSSION 
Erythrocytes become coated with immunoglobulins during mala-
ria infection (Facer et al. 1979, Ronai ef al. 1981, Ronai & 
Sulitzeanu 1983, Figure 1) and it remains to be determined whether 
they are coated with passively adsorbed immune complexes (Facer 
1980a) or with specific anti-erythrocyte antibodies (Lustig eí al. 
1979, Lefrancois ef al. 1981, Zouali et al. 1982, Frankenburg ef al. 
1984). In the murine model studied here immunoglobulins could be 
detected from day 8 after infection onwards using an agglutination 
assay (Figure 1) . The fact that the agglutination reaction was sen-
sitive to temperature is in accordance with the results obtained by 
other workers (Lustig et al. 1977, Brown K.N. et al. 1982) and in-
dicates that either the immunoglobulins are easily shed from the 
erythrocyte surface or that the affinity of the antibodies for the 
epitopes is low. 
The presence of immunoglobulins on erythrocytes in the course 
of infection is paralleled by the presence of antibodies with anti-
erythrocyte specificity in the serum (Figure 1, Figure 3 ) . This is 
in accordance with the results obtained by other workers who used 
sera from P. falciparum infected patients (Zouali et al. 1982, 
Berzins et al. 1983, Wahlgren ef al. 1983a). Immunoglobulins eluted 
from erythrocytes of infected blood reacted with an erythrocyte 
protein that migrates in a Polyacrylamide slab gel at the 30 kD 
position (Figure 2 ) . Furthermore, reactivity against the 30 kD mol-
ecule and spectrins could be recovered from infected as well as 
normal erythrocytes after incubation with immune mouse serum, 
known to contain strong reactivity against these erythrocyte mol-
ecules (Brown ef al. 1986, Figure 4 ) . This indicates that the 30 kD 
molecule is a membrane associated molecule exposed at the erythro-
cyte surface and suggests that the Coombs positivity of mice from 
day 8 of infection onwards is at least partly due to the presence of 
specific anti-erythrocyte antibodies on the surface of infected and 
uninfected red blood cells. The fact that reactivity against spec-
trins, an intracellular erythrocyte protein, was recovered from the 
cells after incubation with immune mouse serum might be due to the 
presence of damaged erythrocytes in the suspensions used or to 
cross reactivity of antibodies directed against epitopes on the 30 kD 
molecule and epitopes on spectrins. Both, the relative molecular 
weight and the pi of the 30 kD molecule derived from infected red 
blood cells are not different from those for the 30 kD molecule of 
normal erythrocytes (unpublished). This suggests that the gene-
ration of antibodies against the 30 kD molecule is not due to alter-
ation of the molecule as a result of parasitlzation (Howard 1982). 
Antibodies against spectrins and against blood group antigens have 
been shown to be present in sera of normal individuals (Najjar 
1974, Wiener 1985) and antibodies against the Band 3 protein of 
human erythrocytes are implicated in the removal of senescent ery-
69 
throcytes (Kay 1981, 1984). These data point to a physiological 
function of ant i -erythrocyte antibodies (Najjar 1974, Kay 1981). 
This might explain why normal mouse serum contains low reactivity 
against some ery throcyte polypeptides i . e . spectr ins and the 30 kD 
molecule. Furthermore, antibodies against the 30 kD molecule seem 
to function in erythropoiesis because they can be elicited in normal 
mice in relation to anemia (Figure 5 ) . 
The major membrane sialoglycoprotein of both humans and mice 
is a molecule with a Mr of 30 kD (in SDS) (Dolci & Palade 1985). In 
humans it plays an important role in the initial attachment between 
the merozoite and the erythrocyte (Hermentin & Enders 1984). 
Whether the 30 kD molecule described in this paper is comparable 
remains to be determined. 
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CHAPTER VI 
PLASMODIUM BERCHEI: 
ANTI-ERYTHROCYTE REACTIVITY IN THE 
MALARIA IMMUNE MOUSE 
Schetters Th., Herrasen С., Van Zon A. and Eling W. 
INTRODUCTION 
In the natural situation development of immunity against mala­
ria is the result of repeated infections (Bruce-Chwatt 1980, Brown 
et al. 1986). These infections are associated with the development 
of severe anemia (Weatherall et al. 1983). The etiology of the ane­
mia has not been elucidated yet, but antibodies directed against red 
blood cells have been implicated (Lustig eí al. 1977, Facer eí al. 
1979, Ronai eí al. 1981, Schetters ef al. 1986b). Anti-erythrocyte 
reactivity has been shown to remain for a rather long time after 
(immunological) clearance of the infection (Zuckermann 1966, 
Lefrancois eí al. 1981, Zouali ef al. 1982). Moreover, it was sug-
gested that anti-erythrocyte reactions might be involved in protec-
tive immunity (Jarra 1983, Brown eí al. 1986). In previous papers 
we have reported the presence of antibodies directed against a wide 
range of erythrocyte polypeptides in sera of mice immune to chal-
lenge infection with Plasmodium berghei (Schetters ef al. 1986b, 
Brown ef al. 1986). In the studies presented here we investigated 
the presence of anti-erythrocyte immune reactivity in the malaria 
(P. bergheO immune mouse and the possible impact of this reacti-
vity on the hematocrit values. 
MATERIALS AND METHODS 
Mice 
Inbred BIO.LP and outbred Swiss mice of both sexes were ob-
tained from colonies of the animal facility of the University of Nij-
megen. Mice used in the experiments were 6 to 8 weeks old and 
kept in plastic cages under specific pathogen free (S .P .F . ) con-
71 
ditions and received standard food (RMH, Hope Farms) and water 
ad libitum. 
Parasite 
P. berghei, strain K173 was passaged by weekly inoculation of 
10 parasitized erythrocytes (PE) from infected donor mice into 
clean mice (intraperitoneally, i .p . ) . Parasitemia was determined from 
bloodsmears made from tail blood. Smears were stained with May-
Griinwald/Giemsa solutions. Blood from mice at day 7 or 8 after in­
fection was used for infection of mice in the experiments. 
Immunization 
Mice were immunized according to a previously described pro­
tocol (Eling & Jerusalem 1977). According to this procedure mice 
were infected at day 0 with 1-3x10' infected erythrocytes intraperi­
toneally and sulphadiazine was added to the drinking water (30 
mg/1) from day 2 to day 33 to maintain parasite number at a sub-
patent level. In the course of time it appeared that, possibly due to 
fluctuations of the para amino benzoic acid (PABA) concentration in 
the food, this regimen became inadequate for the induction of immu­
nity. Reduction of the sulphadiazine concentration in the drinking 
water to 5 mg/1 or addition of PABA (10 mg/1) to the sulphadiazine 
containing drinking water restored the ability to immunize mice. 
Two days after the animals had been returned to normal drinking 
water they were challenged with IxlO5 parsitized erythrocytes. The 
mice that resisted this challenge without developing a parasitemia 
<5% were considered to be immune. Such mice do not develop para­
sitemia (parasitemia < 0.1%) after a second challenge, and harbour 
parasites in the peripheral blood for a long period of time (Eling 
1980a). 
Clearance of parasites from immune mice by chloroquine treatment 
To remove parasites from immunized hosts, chloroquine (Niva-
quine, 100 mg/1) was added to the drinking water of the mice for a 
period of one week. In addition mice were injected with chloroquine 
(0.8 mg/mouse/day, i .p . ) at the first three days of treatment. 
Transfer of 30 ul of peripheral blood from such mice to clean reci­
pient mice did not result in any infection suggesting that no para­
sites were present in the inoculum. 
Mouse sera 
Mice were anesthetized with ether and subsequently bled from 
the retro-orbital plexus. Blood was allowed to clot for 1 hr at room 
temperature and another 30 min at 4 С. Serum was removed after 
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centrifugation (5 min at 1500 g) and stored at -20 С until use. 
Immune mouse serum was obtained from mice immunized as de­
scribed above, about four weeks after the last challenge infection. 
Western transfer analysis 
To one volume of three times washed pelleted red blood cells 
one volume of a solution containing 1% (v/v) Triton X-100, 4% (w/v) 
sodium dodecyl sulphate (SDS) and 10% (w/v) dithiotreitol was ad­
ded and boiled for 5 min. Non soluble material was spinned of 
(Heraeus Christ Haemofuge, 5 min). From the supernatant a volume 
containing the extract of approximately 10' red blood cells was sub­
jected to electrophoresis on a 12% (w/v) Polyacrylamide slab gel in 
the presence of 2% (w/v) SDS (Laemmli 1970). The molecular weight 
markers used were Phosphorylase b (94 kD), albumin (67 kD), 
ovalbumin (43 kD), carbonic anhydrase (30 kD), trypsin inhibitor 
(20.1 kD) and a-lactalbumin (14.4 kD). This protocol allowed an 
estimation of relative molecular weights of separated polypeptides in 
the range of 14 to 100 kD. 
The resolved polypeptides were transferred electrophoretically 
to nitrocellulose sheets (Bio Rad) (Towbin eí al. 1979). All subse-
quent incubations were carried out at 4 C. Strips of approx. 4-5 
mm width were incubated for 45 min in PBS containing 1% (w/v) bo-
vine serum albumin (BSA) and 0.05% (v /v ) Tween 20 and then 
washed for 15 min in PBS containing 0.1% (w/v) BSA and 0.05% 
(v /v ) Tween (the latter buffer is called blotbuffer: BB) . Subse-
quently the sheets were incubated with 1 in 50 diluted serumsamples 
in BB for 3 hours and after two washes with BB incubated with 
radio-iodinated protein A (I1 2 5-protein A, Amersham) 0.5 uCi/strip 
for 45 min. Finally strips were washed 3 times with BB, dried and 
autoradiographed at -80 С using Kodak X-AR 5 film. 
RESULTS 
Hematocrit values of immune mice 
The presence of anti-erythrocyte antibodies in mice with an 
established immunity (Schetters ei al. 1986b) raises the question of 
their possible effect on the total erythrocyte count. Therefore, 
hematocrit values of several independent groups of immune mice (a 
total of 125 animals) were determined. A compilation of the results 
is presented in Figure 1. Sixty normal mice served as controls. The 
immune mice had significantly lower median hematocrit values (44) 
when compared to controls (48), (p « 0 . 0 0 0 3 , Wilcoxon test, one 
tailed). The hematocrit values of immune mice showed considerable 
variation, ranging from 26 to 51. 
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K g . 1 Hematocrit values of normal (centre), immune (lower) 
and chloroquine treated immune mice (upper). For details see text. 
Hematocrit values in relation to the presence of parasites in immune 
mice 
Because in the model studied immune mice harbour parasites 
for some time after challenge infection (Eling 1980a) it might be 
possible that reduced hematocrit values are related to the presence 
of the parasite. To evaluate this a group of В10.LP mice at approx. 
two months after the last challenge infection was analyzed with re­
gard to the presence of parasites in the peripheral blood and hema­
tocrit values. Thirty ul of tailblood was transferred from immune to 
naive mice (intraperitoneally), and a resulting parasitemia was taken 
to indicate the presence of parasites in the peripheral blood of the 
immune mice. Eighteen out of 25 mice tested still harboured para­
sites and their hematocrit value ranged from 37 to 49 (Figure 2). 
Seven mice had cleared all the parasites from the peripheral blood 
and their hematocrit value ranged from 43 to 51. The difference be-
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F i g . 2 Hematocrit values of immune mice harbouring low num­
bers of parasites ( О ) and sterile immune mice ( · ) . 
tween the hematocrit values of parasite positive and parasite nega­
tive mice was found to be statistically significant (p=0.017, Wilcoxon 
test, one tailed). 
Effect of chloroquine treatment on the hematocrit value of immune 
mice 
If the presence of the parasite could cause a reduction of the 
hematocrit value of immune mice then treatment of the animals with 
chloroquine should restore the hematocrit values to normal. A group 
of 54 immune BIO.LP mice at day 28 after challenge infection was 
treated with chloroquine as described in Materials en Methods. Two 
weeks after chloroquine treatment hematocrits had returned to nor­
mal (median hematocrit value 47) (Figure 1). The high variation in 
hematocrit values found in the untreated immune animals was not 
found in the chloroquine treated group. 
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Fig. 3 Immunoblots of erythrocyte polypeptides incubated with 
five individual immune mouse sera (F-J) and five individual sera of 
immune mice two weeks after chloroquine therapy (Α-E). Blots were 
developed using radio-iodinated protein A. For details see text. 
The effect of chloroquine treatment on the presence of anti-erythro-
cyte antibodies in sera of immune mice 
Since the number of parasites observed in the peripheral blood 
of immune mice is not quantitatively related to the reduced hemato­
crit values (Zuckermann 1966), it might be that parasite dependent 
anti-erythrocyte antibodies are involved. When sera from both chlo­
roquine treated and untreated immune BIO.LP mice were evaluated 
76 
Immune serum 
MEDIAN = 45 
titli»»#iit t t « « t 
>, у м м M M 9 f . y ,_ 
54 52 И 48 46 44 Í2 40 ЗВ 36 34 
Normal serum 
MEDIAN = 4B 
32 3Ό ZB 2Έ 24 Ω 
hematocrit 
F i g . 4 Hematocrit values of normal recipient mice 24 hours after 
administration of 0.2 ml heat inactivated immune mouse serum i.p. 
(upper] or normal mouse serum (lower). For details see text. 
for the presence of anti-erythrocyte antibodies there was a differ­
ence in the erythrocyte proteins recognized, i .e . chloroquine 
treated mice had considerably lower or no reactivity against a pro­
tein of 100 kD molecular weight (Figure 3). Reactivity against most 
of the other erythrocyte proteins seemed to be only slightly less 
when compared to sera of untreated immune controls. 
Effect of immune serum on the hematocrit values of normal mice 
Several experiments were performed to determine the effect of 
immune mouse serum on the hematocrit values of normal mice. The 
hematocrit value of a considerable portion of the mice had dropped 
twenty four hours after intraperitoneal injection of 200 ul pooled 
heat-inactivated immune serum from immune Swiss mice into normal 
Swiss mice when compared to values of recipients of normal mouse 
serum (Figure 4). Hematocrit values ranged from 22 to 51 in the 
group of the immune mouse serum recipients. The difference was 
statistically significant (p <0.0003, Wilcoxon test, one tailed). This 
effect was repeatedly found with different pools of immune mouse 
serum. 
If the reduction of hematocrit values was due to erythrocyte 
loss then a subsequent peripheral reticulocytosis should follow. It 
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F ig . 5 Correlation between the hematocrit value and the reticu-
locytosls of mice two days after administration of 0.2 ml immune 
mouse serum (i.p.). Reticulocytosls is plotted on the X-axis as the 
e-log of the percentage of polychromatophllic red blood cells in het 
peripheral blood. 
was found that there was a strong correlation between the hemo-
tocrit value and the percentage reticulocytes found in the peri-
pheral blood of the recipient mice two days after injection (Figure 
5). 
In contrast to these ¡n vivo effects of immune serum in out-
bred Swiss mice, no signifîcant differences in hematocrit values 
were observed in normal and immune mouse serum recipients 
(BIO.LP) using pooled sera from syngeneic mice (data not shown). 
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DISCUSSION 
Reduced erythrocyte counts are characteristically associated 
with malaria. They are not only observed during infection, but 
have also been reported after clearance of the infection (Zucker-
mann 1966, Lefrancois 1981, Zouali ef al. 1982, Brown eí al. 1986). 
Mice with an established immunity against malaria usually exhibit 
reduced hematocrit values (Figure 1) , and their sera contain anti-
bodies reactive against erythrocyte polypeptides (Brown eí al. 1986, 
Schetters et al. 1986b). Some of the proteins recognized are found 
in ghost preparations (Brown eí al. 1986), and might be involved in 
the removal of erythrocytes from the circulation. 
Two results suggest that anti-erythrocyte antibodies are in-
volved in erythrocyte loss. Firstly, administration of heat-inacti-
vated immune mouse serum into allogeneic recipients resulted in in-
dividual cases in a profound erythrocyte depletion within 24 hours 
after injection (Figure 4) followed by increased reticulocytosis (Fig-
ure 5) . Secondly, sera from chloroquine treated immune mice exhi-
bited reduced antibody reactivity or even lacked antibodies against 
certain erythrocyte molecules, when compared to sera of untreated 
immune mice. Especially reactivity against a 100 kD polypeptide 
which is a membrane molecule (Brown ef al. 1986) was decreased in 
sera of chloroquine treated immune mice (Figure 3 ) . 
Anti-erythrocyte antibodies have been described in normal sera 
(Najjar 1974, Kay 1981, Wiener 1985, Brown ef al. 1986), and have 
been implicated in physiological reactions. In humans erythrocytes 
are covered with antibodies that enable normal functioning of the 
cell (Najjar 1974). These antibodies are not harmful to the host i t -
self but administration to allogeneic recipients may lead to erythro-
cyte destruction. These antibodies play a role in the ABO blood 
group system. No blood group systems are known in the mouse, but 
our result suggests that transfer of heterologous serum with a high 
titer of anti-erythrocyte antibodies can lead to erythrocyte loss 
(Figure 4 ) . 
Opsonization or lysis of normal red blood cells by immune 
mouse serum could not be demonstrated in vitro (Schetters ef al. 
1983, unpublished observations). Furthermore, administration of im-
mune mouse serum to syngeneic mice did not reduce hematocrit 
values. This raises the question whether these antibodies play an-
other e . g . regulatory role in erythropoiesis rather than being ef-
fectors in clearance of erythrocytes. The fact that anti-erythrocyte 
antibodies can be provoked by induction of anemia supports this 
hypothesis (Schetters ef al. 1986b). 
Not only antibodies but also the parasite itself is an important 
factor in the establishment of reduced hematocrits in malaria immune 
mice. Firstly, immune mice harbouring parasites in the peripheral 
blood have significantly lower hematocrit values when compared to 
sterile immune animals (Figure 2) and secondly treatment of immune 
mice with chloroquine restores hematocrits to control values (Figure 
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1) . From experiments using transfer of serially diluted blood from 
immune to control mice it could be calculated that approximately 
1x10° parasites are present in the peripheral blood of immune mice 
(unpublished observations). Persistence of this number of para-
sites in erythrocytes can not simply be made responsible for the loss 
of approx. 10% of the total erythrocyte count (Figure 1, Zucker-
mann 1966). The parasitic factor in this process has not been iden-
tified yet . A possibility is that parasite derived products adhere 
onto native erythrocytes or alter erythrocytes resulting in recog-
nition by anti-parasitic or anti-erythrocyte antibodies (VVeatherall et 
al. 1983). Further experiments are required to test this hypothesis. 
Anti-erythrocyte antibodies have been found in a wide variety 
of host-parasite combinations (Lustig et al. 1977, Voller e i al. 1980, 
Ronai ei al. 1981, Wahlgren ei al. 1983a). There are several possi-
ble explanations for the occurrence of anti-erythrocyte antibodies in 
the malaria immune mouse. Firstly, the immunization procedure 
using live parasites may trigger autoimmune reactions as observed 
during uncontrolled malaria infection. However, the variety of ery-
throcyte molecules recognized by immune sera far exceeds that re-
cognized by malarious sera (Schetters ei al. 1986b, Brown et al. 
1986). Secondly, some of the effects observed may be due to cross-
reactivity of antibodies directed against altered-self epitopes on in-
fected erythrocytes (Brown K.N. et at. 1982). Thirdly, anemia as 
such may lead to production of anti-erythrocyte antibodies (chapter 
V) , and finally, polyclonal activation of lymphocytes by parasites or 
parasite derived products may lead to the production of anti-ery-
throcyte antibodies (Jayawardena 1981). 
Anti-erythrocyte antibodies may be of benefit to the host since 
they can interfere with parasite attachment to and entry in the red 
blood cell (Facer 1984). This suggests that anti-erythrocyte anti-
bodies might be produced to protect the host against malaria infec-
tion. This hypothesis is presently under investigation. 
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CHAPTER VII 
STAGE SPECIFIC PROTEINS OF 
PLASMODIUM BERGHEI INFECTED RED BLOOD CELLS 
DETECTED BY ANTIBODIES OF IMMUNE SERUM 
Schetters, Th.P.M., Hermsen, C.C., Van Zon, A.A.J.С. 
and Eling, W.M.C. 
INTRODUCTION 
In analyzing immune reactivity against erythrocytic malaria in­
fection emphasis is put on the late developmental parasite stage 
(Newbold 1984, WHO 1984a). Late trophozoites and schizonts are 
shown to exhibit parasite derived molecules, and some protection 
was achieved after immunization with purified parasite encoded mole­
cules obtained from schizonts and merozoites (Holder & Freeman 
1981, WHO 1984a). Some of the schizont molecules are processed to 
smaller fragments and can be found on the surface of merozoites 
(WHO 1984a, Brown et al. 1986). Monoclonal antibodies produced 
against certain merozoite surface molecules exert protective activity 
by interfering with reinvasion of the red blood cell (Perrin & Dayal 
1982). Not only parasite encoded molecules on the parasite- or in­
fected erythrocyte-surface are immunogenic or play a role in pro­
tective immunity, altered-self molecules have been implicated, too 
(Howard 1982, Brown K.N. ef al. 1982, Brown ef al. 1986). The 
anti-erythrocyte reactivity found in infected and immune subjects 
might be a reflection of this type of immune reactions (Brown eí al. 
1986, Schetters et al. 1986b and unpublished). Altered-self mole-
cules have not been investigated intensively probably because meta-
bolic labeling and subsequent immunoprecipitation may not detect 
such molecules. A limited amount of data is available on the immuno-
genic molecules found in Plasmodium berghei infected erythrocytes. 
A draw back of this parasite species is that it is difficult to obtain 
high numbers of p. berghei infected erythrocytes containing para-
sites of the same developmental stage because it develops asynchro-
nously. The recently developed techniques to culture and synchro-
nize p. berghei parasites (Mons et al. 1983, Mons e í al. 1985) now 
allowed us to do studies at the parasite stage level. In the studies 
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presented here we used western immunoblotting with immune mouse 
serum to detect immunogenic molecules associated with specific para­
site stages. This technique detects both parasite encoded and al-
tered-self molecules. 
MATERIALS AND METHODS 
Mice 
Inbred BIO.LP mice of both sexes were obtained from colonies 
of the animal facility of the University of Nijmegen. Mice, used in 
the experiments were б to 8 weeks old and kept in plastic cages un­
der specific pathogen free ( S . P . F . ) conditions and received stan­
dard food (RMH, Hope Farms) and water ad libitum. A male Wistar 
rat (+ 200 g body weight) was obtained from the same institute and 
kept under comparable conditions. 
Phenylhydrazine treatment 
To induce a high percentage of reticulocytes in the peripheral 
blood mice were treated with Phenylhydrazine (156 mg phenylhydra-
zine-HCl per kg body weight diluted in phosphate buffered saline 
(pH 7.3), injected intraperitoneally). Seven days after phenyl 
hydrazine treatment mice were infected with synchronized parasites. 
Parasite 
P. berghei, strain K173 was maintained by weekly inoculation 
of 105 parasitized erythrocytes (PE) from infected donor mice into 
clean mice (intraperitoneally, i . p . ) . Parasitemia was determined from 
bloodsmears made from tail blood. Smears were stained with May-
Grünwald/Giemsa solutions. 
Synchronization of infection 
P. berghei can be grown and synchronized succesfully In vitro 
in rat erythrocytes (Mons ef al. 1983, Mons et al. 1985). A male rat 
(Wistar, 200 g body weight) was infected with 3x10° parasitized 
erythrocytes from infected mice (BIO.LP) at day 7 of infection. Six 
days later the blood from the infected rat was taken by cardiac 
puncture under sterile conditions. It was diluted in medium (see 
below) supplemented with heparin (5 U/ml) to prevent clotting. Af-
ter centrifugation (5 min 1500 g) the buffy-coat was removed, the 
pelleted cells washed with medium and the cell concentration ad-
justed to 3% ( v / v ) . One hundred ml of this suspension was culti-
vated in an erienmeyer (1000 ml) on a shaking apparatus at 37 С in 
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an atmosphere of nitrogen (83%, v / v ) , oxygen (12, v / v ) and carbon 
dioxide (5%, v / v ) . After 24 h parasites had matured to the schizont 
stage. The synchronized infected cells were separated by density 
centrifugation (20 min, 1600 g) using Nycodenz (55%, v / v ) . The 
interphase was collected, washed with medium, and the pelleted 
cells resuspended in 0.5 ml medium. Two hundred ul of this sus -
pension of synchronized parasites was injected ( i . v . ) in a phenyl-
hydrazine treated mouse. Such a mouse develops an infection with a 
high level of synchronism for two developmental cycles. 
Medium 
RPMI 1640 (Gibco) buffered with hepes (20 mM) and sodium-
hydrogencarbonate (10 mM), supplemented with fetal calf serum 
(FCS, 20% v / v ) , L-glutamine (2 mM) and neomycine (500 lU/ml) was 
used as medium for ¡n vitro synchronization of the parasites. 
Mouse sera 
Mice were anesthetized with ether and subsequently bled from 
the retro-orbital plexus. Blood was allowed to clot for 1 hr at room 
temperature and another 30 min at 4 С. Serum was removed after 
centrifugation (5 min at 1500 g) and stored at -20 С until use. 
Immune mouse serum was obtained from mice immunized accord­
ing to a previously described protocol (Eling & Jerusalem 1977). 
Western transfer analysis 
Analysis of specificity of the antibodies from immune mouse se­
rum was done by western transfer analysis (immunoblotting) as des­
cribed previously (Schetters ef al. 1986b). In short, extracts of 
approx. 2x10' parasitized erythrocytes were prepared in sample 
buffer (1% (v/v) Triton X-100, 4% (w/v) sodium dodecyl sulphate 
(SDS) and 10% (w/v) dithiotreitol) and boiled for 5 minutes. Non-
solubilized material was spinned of (Haemofuge, Heraeus Christ, 5 
minutes). The resolved polypeptides were separated on a 12% (w/v) 
Polyacrylamide slab gel. Polypeptides were transferred to nitro­
cellulose paper. The nitrocellulose sheet was saturated with bovine 
serum albumin (1% (w/v) BSA, in PBS + 0.05% (v/v) Tween 20 
(blotbuffer: BB). After washing with BB the sheet was incubated 
for 60 minutes with 1 in 50 diluted pooled serum. Excess of un­
bound serum was removed by washing in BB followed by incubation 
with 1 in 200 diluted peroxidase conjugated rabbit anti mouse total 
immunoglobulin antiserum (RAM/PO, Dakopatts). After incubation 
the sheet was thoroughly washed and substrate added (4 ul H^C^ 
(30%, v/v) and 1.7 ugr diaminobenzidine (DAB) in 10 ml PBS). 
When bands were sufficiently distinct the sheet was transferred to 
aqua dest to stop further processing. 
83 
Immunofluorescence 
Smears were made from tail blood of infected mice, air dried 
and fixed in acetone (5 to 10 minutes). Immune mouse serum was 
diluted 1 in 100 in PBS + 0.05% (v/v) Tween 20 and incubated on 
the slides for 60 minutes at room temperature. After washing with 
PB S /Tween slides were incubated with 1 in 60 diluted fluoresceine-
conjugated rabbit anti-mouse total immunoglobulins (RAM/Ig-FITC, 
Nordic) for another 60 minutes. Non-bound material was washed 
from the slides. Smears were embedded in glycerol and examined 
with a fluorescence microscope. 
RESULTS 
Immunofluorescence of infected erythrocytes 
Although synchronization was not complete two preparations could 
be obtained with a high level of synchronism: 
In the first preparation essentially late trophozoites and 
schizonts were present. These parasite forms reacted very strongly 
with antibodies from immune mouse serum. Parasites within the ery­
throcytes showed very bright fluorescence and the erythrocyte 
stroma contained coarse fluorescent granules (Figure l a ) . When 
evaluated more carefully concentration of granules at the erythro­
cyte membrane was found (Figure lb and c ) . Incubation of these 
slides with normal mouse serum gave negative fluorescence (Figure 
Id ) . 
In the second preparation high percentages of infected ery­
throcytes contained ring forms. The parasites within the erythro­
cytes showed very bright fluorescence after incubation with IMS 
(Figure l e ) . Again coarse fluorescent material was found outside 
the parasite, however, there was no clear erythrocyte membrane 
localization of fluorescent material. Uninfected erythrocytes some­
times showed a stippled fluorescence pattern at the membrane (Fig­
ure If and g ) , although this phenomenon was not uniformly pre­
sent. No fluorescence was observed after incubation with normal 
mouse serum (Figure Ih ) . 
Detection of stage specific polypeptides using immune mouse serum 
Synchronized infected erythrocytes at the schizont stage were 
intravenously injected into recipient mice which develop a reti-
culocytosis due to Phenylhydrazine treatment (see Materials and 
Methods). At several periods after infection 100 ul of tail blood was 
collected, washed with PBS and stored at -80 С prior to evaluation 
by western transfer analysis. Samples consisted of 1st generation 
trophozoites and schizonts (Figure 2 lanes a and f), 1st generation 
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Fig. 1 Immunofluorescence of parasitized red blood cells after 
incubation with immune mouse serum on slides prepared before scaz­
zoni rupture (a-c) and at the time of schizont rupture (e-g). Fig­
ures d an h are controls of the respective slides incubated with 
normal mouse serum, 
schizonts and 2nd generation ring forms (lanes b and g), 2nd 
generation rings and trophozoites (lanes с and h ) , 2nd generation 
schizonts and 3rd generation rings (lanes d and i) and 3rd genera­
tion young developmental parasite stages (lanes e and j ) . Results of 
immunoblotting indicated that a large number of molecules was de­
tected by antibodies from immune serum (lanes f-j). Normal mouse 
serum showed weak reactivity against some of these proteins (lanes 
a-e). As reported previously (Schetters
 e
f
 σ
/. 1986b, Brown eí al. 
1986) some of the polypeptides detected are normal erythrocyte pro-
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F i g . 2 Immunoblot of infected blood cells taken at different 
times during development of a synchronized infection in reticulo-
cytemic mice. Lanes α-e have been incubated with normal mouse se­
rum, lanes f-j with immune mouse serum. The composition of the 
parasitized erythrocyte population in the blood is depicted in the 
lower part of the figure. Troph = trophozoite, schiz - schizont. 
teins and t h u s are detected in all infected cell preparat ions, e . g . 
the 30 kD molecule. These will not be considered here any fur ther . 
The appearance of t h r e e polypeptides was correlated with the p r o ­
portion of schizonts among the infected cell population i . e . mole­
cules with a relative molecular weight of approximately >200 kD, 86 
kD and 59 kD. These molecules appeared in both 1st and 2nd gene­
ration schizonts (lanes f and i ) . Of these the 86 kD molecule was 
recognized by normal mouse serum, too (lanes a and d ) . The inten­
sity of these bands was higher in lane i when compared to lane f 
probably due to differences in the percentages of infected red blood 
cells in the prepara t ions . Apparently for the same reason additional 
molecules could be detected with Mr of 160 kD, 105 kD, 56 kD, 46 
kD, 42 kD, 33 kD, 27 kD and 22 kD of which the molecules with 
86 
Mr 56 kD, 46 kD, 42 kD and 33 kD were lost after schizogony 
(lanes i and j ) . Only one molecule with a Mr of approx. 153 kD was 
specifically associated with the presence of high numbers of young 
developmental stages of the parasite in the preparations (lanes h 
and j ) . 
Lactoperoxidase surface labeling of non-synchronized 'infected ery-
throcytes 
Two preliminary experiments were performed to determine 
which surface molecules of infected and uninfected red blood cells 
could be labeled radioactlvely using the lactoperoxidase method 
(Hudson & Hay 1980). A number of polypeptides were labeled using 
this method (data not shown). Out of these molecules with Mr :>200 
kD, 103-107 kD, 72-76 kD, 54-56 kD and 33-34 kD were labeled 
specifically in the parasitized erythrocyte preparations in both 
experiments (Table 1 ) . In addition, molecules on these blot strips 
with the same Mr also reacted with immune mouse serum (Table 1 ) . 
Relative Molecular 
Weight 
^200 kD 
103-107 kD 
72-76 kD 
54-56 kD 
33-34 kD 
Lactoperoxidase 
labeled 
Exp. I 
+ / - · 
+ 
+ 
++ 
++ 
Exp. II 
+ 
+ 
++ 
++ 
++ 
Reactive with 
immune serum 
Exp. I Exp. II 
++ ++ 
+ + 
++ ++ 
++ + 
++ + 
Table 1 Molecules specific for parasitized erythrocytes labeled 
by the lactoperoxidase method and reactive with immune mouse se-
rum in immunoblottlng. The results of two separate experiments are 
given in separate columns. = not distinguishable, + = positive, ++ 
= strongly positive. 
DISCUSSION 
The development of ¡n vitro culture of P. berghei (Mone eí al. 
1983) and the subsequent synchronization of the parasite in vitro 
and in vivo (Mons et al. 1985) allowed analysis of immunogenic mol-
ecules of erythrocytes infected with specific parasite stages. In or-
der not to select for parasite encoded molecules but rather to in-
clude altered-self erythrocyte molecules (Howard 1982, Brown K.N. 
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et al. 1982, Brown et al. 1986) immunofluorescence and immuno-
blotting were used to detect immunogenic molecules. Fluorescence 
patterns of infected erythrocytes showed that the parasite reacted 
very strongly with immune mouse serum. Very bright fluorescent 
staining material was present in the infected erythrocyte and in the 
schizont stage some fluorescent material was associated with the 
erythrocyte membrane (Figure 1) . Such erythrocyte membrane loca-
lization was not evident from ring stage infected red blood cells. 
These results indicate that stage specific molecules are exhibited on 
schizont infected red blood cells. Immunoblotting studies using se -
rum from immune animals showed that some proteins were specific 
for suspensions, enriched for the schizont infected erythrocytes. Es-
pecially the >200 kD, 86 kD and 59 kD polypeptides (Figure 2) . 
From these results it can not be concluded that the schizont-speci-
fic antigens are all located at the erythrocyte surface, but some 
are, since the appearance of these molecules coincided with the ap-
pearance of membrane localized fluorescence (Figure 1, b and c ) . In 
addition, four molecules with Mr =>200kD, 104-107 kD, 54-56 kD and 
33-34 kD were labeled with the lactoperoxidase method, detected in 
schizont infected red blood cells and lost after schizogony. Such 
molecules are likely candidates for vaccines against erythrocytic 
malaria since they are (I) located at the surface of parasites and/or 
parasitized erythrocytes, and (II) immunogenic (WHO 1984a). 
An immunogenic molecule with a Mr of 153 kD specific for ery-
throcytes infected with young developmental parasite stages was de-
tected > This Mr (153 kD) is comparable to that found for a P. falci-
parum ring stage antigen ( i . e . 155 kD, Wahlgren et al. 1985). Us-
ing immunofluorescence this antigen was shown to be located at the 
erythrocyte surface (Perlmann eí al. 1984). We did not find mem-
brane fluorescence of ring infected erythrocytes, but this may be 
explained by differences in fixation of cells for fluorescence (Perl-
mann et al. 1984). The antigen is interesting since previous obser-
vations suggested that reticulocytes infected with young parasite 
stages were better opsonized than reticulocytes infected with more 
mature parasite stages (Schetters et al. 1986a). 
The techniques used allowed detection of both parasite encoded 
and (altered-)self molecules. Antibodies reactive against self mole-
cules were detected as described earlier (Schetters et al. 1986b, 
Brown et al. 1986). Using the immunofluorescence technique unin-
fected erythrocytes were sometimes found to be reactive with im-
mune mouse serum. This might reflect the presence of such anti-
erythrocyte antibodies in immune mouse serum (Schetters et al. 
1986b, Brown ef al. 1986) or the presence of malaria antigen on the 
uninfected erythrocyte (Perlmann eí al. 1984). Because this fluores-
cence was found on very few cells the significance of this is not 
clear. 
More research is needed to elucidate the topografica! location 
of these molecules in infected erythrocytes to enable comparison of 
the detected molecules with those already presented in literature. 
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CHAPTER Vili 
IMMUNITY TO PLASMODIUM BERCHEI: 
A 26 KD PARASITE POLYPEPTIDE REACTIVE WITH 
ANTIBODIES FROM IMMUNE MOUSE SERUM 
Schetter s, T., Herrn sen, С , Van Zon, Α. & Eling, W. 
INTRODUCTION 
Identification of immunogenic molecules of malaria parasites is 
one way to proceed in both the unravelling of mechanisms in malaria 
immunity and the development of effective vaccines (WHO 1984a). 
Using sera from immune individuals or monoclonal antibodies raised 
against parasite molecules several parasite specific antigens from a 
variety of Plasmodium species have been identified (WHO 1984a). 
Although antibodies specific for these parasite molecules could be 
induced in animals, protection was not complete (Holder & Freeman 
1981, Brown et al. 1986). Antigenic variation and genotypic diver­
sity might explain some of the problems encountered in the develop­
ment of protective vaccines (Brown ef al. 1986). The vaccine should 
contain conserved, non-variable parasite specific molecules to induce 
immunity that transcends both genotypic and phenotypic variation 
(Brown et al. 1986). These considerations urge the need for more 
research to identify immunogenic molecules on parasites and parasi­
tized erythrocytes that are able to induce solid immunity. Very 
little is known about immunogenic molecules of Plasmodium berghel 
parasites (Howard 1982) and so far analysis at the parasite stage 
level has not been reported. The studies presented here describe 
specificity of antibodies of mice immune to challenge infection with 
P. berghei parasites. The localization of a strongly immunogenic 
molecule of parasitized erythrocytes with a Mr of 26 kD has been 
determined with immunofluorescence using heterologous antiserum. 
Synchronization of this asynchronously developing parasite (Mons et 
al. 1985) allowed analysis at the level of the developmental parasite 
stage. Finally, the effect of a heterologous antiserum raised to the 
26 kD parasite molecule on subsequent infection with p, berghei was 
determined. 
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MATERIALS AND METHODS 
Mice 
Inbred BIO.LP mice of both sexes were obtained from colonies 
of the animal facility of the University of Nijmegen. Mice used in 
the experiments were 6 to 8 weeks old and kept in plastic cages 
under specific pathogen free (S .P .F . ) conditions and received stan-
dard food (RMH, Hope Farms) and water ad libitum. A male Wistar 
rat (ca. 200 g body weight) was obtained from the same institute 
and kept under comparable conditions. 
Parasite 
P. berghei, strain K173, was maintained by weekly inoculation 
of 10^ parasitized erythrocytes (PE) from infected donor mice into 
clean mice (intraperitoneally, i . p . ) . Parasitemia was determined from 
bloodsmears made from tail blood. Smears were stained with May-
Grünwald/Giemsa solutions. 
Parasitized erythrocytes 
Infected red blood cells were purified as described before 
(Scheitere et ai. 1985). Briefly, infected blood was collected from 
mice at day 7 or 8 after infection with 10' parasitized erythrocytes. 
Heparin was added to prevent clotting. The blood was diluted once 
with Medium 199 (Dutch modification, Flow Laboratories). Leucocytes 
and platelets were removed by passage through a column filled with 
a 3 ml mixture of 1 part ionexchanger (Servaceli SE-23, Serva Fein-
biochemie, Heidelberg, Germany) and 3 parts Sephadex G-150 
Superfine (Pharmacia, Uppsala, Sweden) prepared in phosphate 
buffered saline. The red blood cells eluted from the column were 
layered onto a cushion of Percoli (Pharmacia) with a density of 
1.094 and centrifugea at 1500 g for 20 min. After centrifugation the 
cells of the interphase which are enriched for infected red blood 
cells, were collected, washed, counted and used in the assays. 
Phenylhydrazine treatment 
To obtain a high percentage of reticulocytes in the pheripheral 
blood mice were treated with Phenylhydrazine (156 mg phenylhydra-
zine-HCl per kg bodyweight, diluted in phosphate buffered saline 
(pH 7 .3) , injected intraperitoneally) seven days prior to infection 
with synchronized parasites. 
Synchronization of infection 
P. berghei can be grown and synchronized succes fully in vitro 
in rat erythrocytes (Mone et al. 1983, Mons eí al. 1985). A male rat 
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(Wistar, 200 g body weight) was infected with 3x10 parasitized 
erythrocytes from infected mice (BIO.LP) at day 7 after infection. 
Six days later the blood was taken by cardiac puncture under ster­
ile conditions. Blood was diluted in medium (see below) containing 
heparin (5 U/ml) to prevent clotting. After centrifugation (5 min 
1500 g) the buffy-coat was removed, the pelleted cells washed with 
medium and the cell concentration adjusted to 3% (v/v) . One 
hunderd ml of this suspension was cultivated in an erlenmeyer (1000 
ml) on a shaking apparatus at 37 С in an atmosphere of nitrogen 
(83%, v/v), oxygen (12%, v/v) and carbon dioxide (5%, v/v). After 
24 hrs parasites had matured to the schizont stage. The infected 
cells were separated by density centrifugation (20 min, 1600 g) us­
ing Nycodenz (55%, v/v). The interphase was collected, washed 
with medium, and the pelleted cells resuspended in 0.5 ml medium. 
Two hundred ul of this suspension was injected ( i .p . ) in a phenyl-
hydrazine treated mouse. These mice develop an infection with a 
high level of synchronism for two developmental cycles. 
Media 
RPMI 1640 (Gibco) buffered with hepes (20 mM) and sodium-
hydrogencarbonate (10 mM), supplemented with fetal calf serum 
(FCS, 20% v/v), L-glutamine (2 mM) and neomycine (500 lU/ml) was 
used as medium for ¡n vitro synchronization of the parasites. 
Medium 199 (Dutch modification, Flow laboratories) supplement-
ed with penicillin (100 lU/ml), streptomycin (0.1 mg/ml), sodium-
hydrogencarbonate (10 mM) and heat inactivated FCS (10%, v / v ) 
was used for purification of infected erythrocytes. 
Mouse sera 
Mice were anesthetized with ether and subsequently bled from 
the retro-orbital plexus. Blood was allowed to clot for 1 hr at room 
temperature and another 30 min at 4 С. Serum was removed after 
centrifugation (5 min at 1500 g) and stored at -20 С until use. 
Immune mouse serum was obtained from mice immunized accord­
ing to a previously described protocol (Eling & Jerusalem 1977). 
Western transfer analysis 
Analysis of the specificity of the antibodies from serum samples 
was done by western transfer analysis (immunoblotting) as des­
cribed previously (Schetters ef al. 1986b). In short, extracts of 
approx. 2x10' parasitized erythrocytes were prepared in sample 
buffer (1% v/v) Trition X-100, 4% (w/v) sodium dodecyl sulphate 
(SDS) and 10% (w/v) dithiotreitol) and boiled for 5 minutes. Non-
solubilized material was spinned of (Haemofuge, Heraeus Christ, 5 
minutes). The solubilized polypeptides were separated on a 12% 
(w/v) Polyacrylamide slab gel. Polypeptides were transferred to 
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nitrocellulose paper. The nitrocellulose sheet was saturated with 
bovine serum albumin (1% (w/v) BSA, in PBS + 0.05% (v/v) Tween 
20 (blotbuffer: B B ) ) . After washing with BB the sheet was incu­
bated for 60 minutes with 1 in 50 diluted pooled serum. Excess of 
unbound serum was removed by washing in BB followed by incuba­
tion with 1 in 200 diluted peroxidase conjugated rabbit anti mouse 
total immunoglobulin antiserum (RAM/PO, Dakopatts). After incuba­
tion the sheet was thoroughly washed and substrate added (4 ul 
H2O2 (30%, v/v) and 1.7 ugr diaminobenzidine (DAB) in 10 ml 
PBS). Processing was stopped in aqua dest when bands were suffi­
ciently distinct. In some instances blot strips were developed with 
radio-iodinated protein A (I 1 2°-protein A, Amersham) 0.5 uCi/strip 
for 45 min. Subsequently strips were washed 3 times with BB, 
dried and autoradiographed at -80 С using Kodak X-AR 5 film. 
Preparation of a rabbit antiserum against the 26 kD parasite mole­
cule 
Antigen purification 
The 26 kD antigen was purified from solubilized parasitized erythro­
cytes by SDS-PAGE followed by electroelution. In short, infected 
erythrocytes were solubilized and the polypeptides separated on 12% 
(v/v) Polyacrylamide gel (see above). The gel was sliced in strips 
of approx4-5 mm width. Strips were put in plastic tubes which were 
sealed at both sides with agarose gel (1%, w/v, in aqua dest) . A 
bag made from dialysis tube was fixed on the gel tube to capture 
the eluted polypeptides. Gel tubes were placed in a vertical elec­
trophoresis equipment, the side with the dialysis bag in the lower 
buffer compartment, and the other side in the upper buffer com­
partment. Buffers used were the same as those used for SDS-PAGE 
(described above). Electroelution was carried out at constant cur­
rent (60 mA). Coomassie blue stained gel strips containing high mo­
lecular weight markers were electroeluted as control. Electrophoresis 
was stopped when the Coomassie blue stained polypeptides were re­
covered from the gel tube. Eluted samples were dialyzed against 
PBS and concentrated by vacuumdialysis using collodion bags (Sar-
torius). The individual samples were analyzed by subsequent elec­
trophoresis and immunoblotting using both, immune mouse serum 
and rabbit anti 26 kD antiserum (see below). The samples con­
taining the 26 kD molecule was not contaminated with other mole­
cules (data not shown). 
Immunization protocol 
A rabbit was injected subcutaneously ( s . c . ) at ten separate sites 
with the 26 kD antigen suspended in Freunds Complete Adjuvant 
(50%, v/v) at day 0 (0.2 ml/site). Thirty one days later the animal 
received a booster injection ( s . c . ) with antigen suspended in 
Freunds Incomplete Adjuvant following the same injection protocol. 
Ten days later blood was taken, serum prepared and analyzed for 
antigen specificity using immunoblotting. 
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Immunofluorescence 
Smears were made from tail blood of infected mice, air dried 
and fixed in acetone (5 to 10 minutes). Serum samples were diluted 
1 in 10 in PBS + 0.05% ( ν / ν ) Τ ween 20 and incubated on the slides 
for 60 minutes at room temperature. After washing with PBS/Tween 
slides were incubated with 1 in 100 diluted fluoresceine conjugated 
swine anti-rabbit total immunoglobulins (SwaR/Ig-FITC, Dakopatts) 
for another 60 minutes. Non-bound material was washed from the 
slides. Slides were embedded in glycerol and examined with a fluor­
escence microscope. 
Acid elution of antibodies 
Washed erythrocytes from normal mice or infected erythrocytes 
from malarious mice at day 7 or 8 after infection were incubated 
with the appropriate test sera and washed three times with PBS 
containing BSA (0.1%, w/v) and Tween 20 (0.025%, v/v) . To a pel­
let of 500 ul cells 1.3 ml of ice cold isotonic glycine-HCl buffer 
(10.72 g glycine/1, 8.35 g sodiumchloride/l and 0.1% BSA (w/v) 
pH 3.0, osmolarity 300 mOsm) was added. Cells were incubated on 
ice for 3 minutes and subsequently centrifugea at 12000 g for 30 
seconds using a hemofuge (Heraeus Christ). The supernatant was 
harvested and neutralized with 0.1 M Tris. 
RESULTS 
Specificity of antibodies from immune mice to parasitized erythrocyte 
molecules 
Ten individual immune mouse sera taken four to six weeks af­
ter the last challenge were reacted with polypeptides of parasitized 
erythrocytes on nitrocellulose blotstrips. Radio-iodinated protein A 
was used to detect the reactive immunoglobulins (see Materials and 
Methods). Three individual normal mouse sera served as controls. 
The results showed that immune mouse sera recognized a variety of 
polypeptides of infected erythrocytes (Table 1) . Of these molecules 
several were recognized by each of the immune sera tested, i .e . 
molecules with approximate relative molecular weight (Mr) of 100 
kD, a very broad band between 63 and 71 kD, 53 kD, 41 kD, 39 
kD, 37 kD, 34 kD, 31 kD, 29 kD, 26 kD and 17 kD. Of these, mol­
ecules with Mr 31 kD were clearly recognized by the control sera 
too. 
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Relative molecular IMS NMS 
weight (kD) 
>200 
100-200 
91 
85 
63-71 
57 
55 
53 
52 
49 
44 
43 
41 
39 
37 
34 
31 
29 
28 
27 
26 
22 
21 
18 
17 
10/10 
5 bands 
(5/10) 
(6/10) 
10/10 
8/10 
5/10 
10/10 
(6/10) 
7/10 
(2/10) 
9/10 
10/10 
10/10 
10/10 
10/10 
10/10 
10/10 
(2/10) 
3/10 
10/10 
(6/10) 
(7/10) 
8/10 
10/10 
(3/3) 
(3 bands) 
-
-
(3/3) 
-
-
(3/3) 
(3/3) 
(3/3) 
(1/3) 
-
-
-
(3/3) 
(3/3) 
3/3 
-
-
-
-
-
-
-
-
Table 1 Polypeptides from infected erythrocytes recognized by 
antibodies from normal or immune mouse serum using the SDS-PAGE 
¡mmunoblottìng techniques. The number of positive sera out of the 
total number of sera tested is given. Brackets indicate that this 
polypeptide was seen as a faint band. 
Elution of antibodies from PE and E incubated with immune mouse 
serum 
Which of the antibodies found in the immunoblots were reactive 
with antigens on the surface of the infected erythrocytes was de-
termined by acid elution of antibodies from infected red blood cells 
after incubation with immune mouse serum. Several experiments 
were performed with essentially the same results. Normal and in-
fected erythrocytes (IxlO9) were incubated with 100 ul of serum 
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Fig. 1 В lotst rips containing polypeptides of Infected erythro­
cytes reacted with immune mouse serum (lane A), eluate of infected 
erythrocytes preincubated with immune mouse serum (lane B) . The 
arrow indicates the 26 kD position. 
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kD 
94 
67 
43 -
30 -
ι 
, η , 
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F i g . 2 Blotstrips containing polypeptides of infected erythro­
cytes reacted with immune mouse serum (lane A), rabbit serum 
prior to immunization with 26 kD antigen (lane B), and rabbit se­
rum after immunization with 26 kD antigen (lane C). The arrow in­
dicates the 26 kD position. 
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from immune mice, for 60 min. at 37 C. After incubation cells were 
washed three times with phosphate buffered saline (PBS) containing 
0.1% bovine serum albumin (BSA, w/v) and 0.025% Tween 20 ( v / v ) . 
Adsorbed antibodies were recovered by acid elution (see Materials 
and Methods). The eluates were reacted with polypeptides of infect-
ed erythrocytes on nitrocellulose blotstrips. The results obtained 
showed that antibodies directed against a 26 kD polypeptide were 
eluted from the infected erythrocytes (Figure 1, lane B ) . 
Reactivity of a heterologous antiserum against the 26 kD polypeptide 
Since the 26 kD polypeptide was recognized by all individual 
immune mouse sera tested (see above) and antibodies with specifici-
ty for the 26 kD molecule could be eluted from infected erythro-
cytes after incubation with immune mouse serum, a polyclonal anti-
serum against this molecule was prepared in rabbits. A rabbit was 
immunized with the amount of 26 kD protein recovered from 6.5x10* 
infected erythrocytes at day 0 and day 31 as described in Materials 
and Methods. The antiserum was analyzed in immunoblotting to de-
termine the antigen specificity. Results showed that the antiserum 
specifically recognized two molecules of infected erythrocytes with a 
Mr of 26 and 24 kD (Figure 2, lane C) when compared to the con-
trol serum taken prior to immunization of the rabbit (Figure 2, lane 
B) . The antiserum was also reacted with a blotstrip containing the 
purified 26 kD preparation used for immunization. Results revealed 
that only the 26 kD was present in the antigen preparation (data 
not shown). The 24 kD polypeptide was not recognized by immune 
mouse serum used in this experiment (Figure 2, lane A) . 
Immunofluorescence of parasitized erythrocytes with the anti-26 kD 
antiserum 
To locate the antigen recognized by the rabbit antiserum 
raised to the 26 kD parasite specific polypeptide immunofluorescence 
was carried out on bloodsmears of mice with a synchronous P. 
berghei infection (see Materials and Methods). Results showed that 
the antiserum reacted specifically with the membrane of parasites 
from different developmental stages when compared to the pattern 
observed with the control rabbit serum taken prior to immunization 
(Figure 3 ) . Merozoites and ring stages usually showed membrane 
fluorescence more evenly distributed over the entire parasite sur-
face than trophozoites which showed a dotted fluorescence pattern 
(Figure 3.1 and 3 . 2 ) . Bright fluorescence was found in schizonts 
(Figure 3 . 3 ) . There was no real evidence for fluorescence of the 
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F ig . 3 Immunofluorescence of smears from synchronized infec-
tions using a heterologous antiserum raised to the 26 kD antigen. 
Bloodsmears of ring stage parasites (Figure 3.1), young and old 
trophozoites (Figures 3.2) and late developmental parasite stages, 
i.e. old trophozoites and schizonts (3.3) were incubated with the 
heterologous antiserum (Figure a-c) or control serum (Figure d). 
erythrocyte membrane of the infected red blood cells. Diffuse fluo-
rescence in the parasi te cytoplasm was found not only after incuba-
tion with anti-26 kD antiserum (Figure 3, blocks a-c) but also after 
incubation with the rabbit serum taken pr ior to immunization (Fig-
ure 3, block d ) . 
Effect of the anti-26 kD serum on primary infection 
To determine the possible protective activity of the hetero-
logous antiserum raised to the 26 kD polypeptide, mice were injec-
ted intravenously with 0.2 ml of the heterologous serum taken ei-
ther before or after immunization with 26 kD antigen, or with im-
mune mouse serum. Subsequently, the mice received an infective 
inoculum of ei ther 10 parasitized erythrocytes or 100 parasitized 
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erythrocytes intraperitoneally. The results showed that the hetero-
logous antiserum raised against the 26 kD antigen protected mice 
from infection after injection of 10 parasitized erythrocytes in con-
trast to the serum taken prior to immunization (Table 2 ) . Immune 
mouse serum could not protect mice against infection. No significant 
protective effect was observed with either serum used when the 
mice were infected with 100 parasitized erythrocytes. A comparable 
experiment gave essentially the same results, i . e . injection of 
anti-26 kD antiserum blocked infection totally whereas injection of 
control sera did not. 
Infective anti-26 kD control immune 
dose 
100 PE 0/3tt 0/3 0/3 
10 PE 3/3 1/3 1/3 
a
 Number of mice out of the total number infected 
that remained negative after infection 
Table 2 Protective activity of rabbit antiserum raised to a 26 kD 
parasite polypeptide and serum from immune mice, against infection 
with either a high (100 PE) or low dose (10 PE) inoculum. The 
number of negative mice out of the total number infected is de-
picted. Heterologous serum taken prior to immunization against 26 
kD antigen was used as control serum. 
DISCUSSION 
In analyzing the immune response of hosts infected with Plas-
modium species it is important to identify immunogenic molecules of 
parasites and parasitized erythrocytes. Such molecules can be used 
(1) to monitor immune effector functions and, (2) for vaccination 
trials (WHO 1984a). Sera of mice immune to challenge infection with 
P. berghei contain both antibodies that react with erythrocyte mole-
cules (Brown ef al. 1986, chapter VI) and antibodies with specifici-
ty for parasite dependent molecules (Table 1, Chapter VII). When 
incubated with serum from immune mice antibodies' specific for a 26 
kD parasite dependent molecule can be recovered from infected red 
blood cells (Figure 1 ) . This suggests that a 26 kD parasite molecule 
is exposed at the surface of infected erythrocytes. However, a 
polyvalent heterologous antiserum raised against the 26 kD molecule 
did not show reactivity against the erythrocyte surface of infected 
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red blood cells in immunofluorescence. These results might be ex-
plained by the fact that the suspensions of infected erythrocytes 
used in the elution experiments were contaminated with approx. 2% 
free parasites (data not shown) and that the antibodies recovered 
were in fact eluted from free parasites e . g . merozoites, and not in-
fected erythrocytes. The antiserum raised to the 26 kD antigen 
reacted specifically with the membrane of parasites from different 
developmental stages. This indicates that the antigen is present on 
the parasite membrane throughout the parasite life cycle. This is in 
accordance with the results obtained from immunoblots containing 
stage specific parasite proteins that are developed with immune 
mouse serum described previously (chapter VII), i . e . a 27 kD para-
site dependent polypeptide (identical to the 26 kD molecule des-
cribed here) was found in all stages of the parasite. 
The 26 kD molecule is immunoprotective since it induces anti-
bodies that confer protection against low dose infection upon trans-
fer to normal mice (Table 2 ) . No protection of mice was observed 
upon infection with a higher number of parasitized erythrocytes. 
Probably the amount of serum injected was not enough to eradicate 
this number of parasites. The heterologous antiserum reacts with 
polypeptides from 26 kD and 24 kD. From control experiments it 
could be excluded that the reactivity against the 24 kD molecule 
was due to contamination of the antigen preparation used for immu-
nization (data not shown). This suggests the presence of shared 
epitopes on the 26 kD and 24 kD molecule. Since immune mouse se -
rum used in the experiment recognized the 26 kD molecule only it 
probably recognizes a different epitope on the 26 kD molecule when 
compared to the heterologous antiserum. This might explain why im-
mune mouse serum was not effective in protecting mice from low 
dose infection in contrast to the heterologous antiserum used. An-
other explanation might be that the biological activity of the anti-
bodies from both sera differs, and that this property determines 
the effectiveness of an antibody. Furthermore, using p, falciparum 
it was found that reinvasion inhibitory activity of immune serum was 
not evident when using total serum in contrast to purified IgG pre-
parations (Wahlin ef al. 1984). This suggests that antibodies of a 
different isotype interfere with inhibitory IgG antibodies when total 
serum is used and thus mask possibly protective activity. 
There is one report in literature that describes a parasite en-
coded molecule of approximately 27 kD synthesized by asexual ery-
throcytic parasites of P. chabaudi (Brown et al. 1983). These wor-
kers used metabolic labeling of parasites and showed that a 27 kD 
parasite encoded molecule was synthesized mainly during the tro-
phozoite stage. The molecule, once synthesized, remained in the 
parasite after maturation and could be detected in ring stage para-
sites after reinvasion. This indicates that the molecule is present in 
all developmental parasite stages. 
Until now elution experiments using immune serum have not 
provided clear evidence for the presence of parasite dependent raol-
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ecules exposed on the membrane of infected cells. This is unex-
pected, since immune mouse serum reacts with the membranes of 
schizonts in immunofluorescence (chapter VII). This might be due 
to the fact that suspensions used for elution of antibodies from im-
mune serum were not synchronized and possibly contained only a 
low percentage of immunogenic parasitized erythrocytes (Schetters 
et al. 1986a). 
We are now in the process of developing monoclonal antibodies 
directed against the 26 kD molecule to further determine the biolog-
ical effect of antibodies with this specificity. 
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SUMMARY 
Organisms can be regarded as highly dynamic, yet finally bal-
anced ent i t ies . Disturbance of this balance t r iggers reactions to 
maintain in tegr i ty . If these reactions are directed against a foreign 
organism they are called defense mechanisms. This thesis describes 
some aspects of host defense mechanisms in the mouse infected with 
Plasmodium berghei. Since only erythrocyt ic malaria has been 
studied a summary on the immune mechanisms against erythrocyt ic 
malaria is presented in Chapter I . 
One of the aspecific defense mechanisms of the host the pa ra -
site has to evade is the complement system. Interactions of paras i -
tized ery throcytes with the mouse complement system are described 
in Chapter I I . Uptake of radioactive material by adherent peritoneal 
exudate cells from a suspension of radioactively labeled parasitized 
erythrocytes in vitro was promoted by complement. Both heat in -
activation and zymosan treatment of the serum used in the phagocy-
tosis assay decreased uptake of radioactivity. After incubation with 
parasitized erythrocytes normal mouse serum contained less hemo-
lytic complement than serum incubated with uninfected erythrocytes 
from either infected or normal mice. This suggested that complement 
was activated by parasitized e ry th rocy tes . However, lysis of in -
fected ery throcytes by complement could not be demonstrated, indi-
cating that terminal pathway components were not act ivated. Addi-
tion of EGTA dur ing preincubation of normal mouse serum with 
parasitized ery throcytes did not block complement activation, and 
EDTA was only partially effective. This suggested that a comple-
ment activating factor or a complement inhibitor was released from 
parasitized erythrocyte suspensions dur ing incubation. Such a com-
plement inhibitor might exert i ts effects on the terminal pathway 
components of complement, enabling opsonization of the cells with 
complement components but prevent ing lysis of the cells. 
Parasitized erythrocytes and free parasi tes are phagocytozed in 
vivo, and if present specific antibodies can opsonize these cells. 
Experiments on this subject are described in Chapter III . After 
incubation with free parasi tes a high percentage of phagocytes from 
the peritoneal cavity but not from the spleen contained parasi te ma-
terial . This indicated that free parasi tes expose determinants that 
t r igger aspecific receptors on peritoneal macrophages. Such recep-
tors apparently lack on adherent cells from the spleen. A low pe r -
centage of phagocytes contained parasi te material after incubation 
with parasitized e ry throcy tes . Apparently only few cells from a 
parasit ized erythrocyte suspension exhibit determinants that t r igger 
phagocytosis. Addition of immune mouse serum to the assay signifi-
cantly increased the percentage of adherent spleen cells which con-
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tained parasite material after incubation with free parasites. Com-
parable results could be found after incubation with parasitized 
erythrocytes. This indicated that although splenic macrophages lack 
a-specific receptors for phagocytosis they have Fc-receptors to take 
up opsonized particles. These results suggest an immunological 
clearance mechanism in the spleen. 
The results obtained sofar clearly showed that a small and 
variable number of cells from a parasitized erythrocyte suspension 
is recognized by macrophages. The composition of the suspensions 
used is highly variable with regard to both the parasite- and ery-
throcyte-developmental stages. Results obtained from studies with 
suspensions of parasites inhabiting either reticulocytes or mature 
erythrocytes are described in Chapter IV. Parasitized reticulocytes 
were recognized by a higher percentage of macrophages than par-
asitized mature red blood cells. This difference however, was small. 
In vitro opsonization experiments showed that immune mouse serum 
opsonized parasitized reticulocytes more readily than parasitized ma-
ture red blood cells. When the composition of the parasite popula-
tion in the suspensions used was evaluated, it was found that more 
ring stage parasites were present in suspensions of parasitized reti-
culocytes as compared to suspensions of parasitized mature red 
blood cells. The results indicated that parasitized reticulocytes ei-
ther exhibit immunogenic determinants not present on infected ma-
ture erythrocytes, or that suspensions enriched for parasitized 
reticulocytes contain more immunogenic parasite stages than suspen-
sions enriched for mature red blood cells. Comparable results were 
found when these infected cells were used to stimulate spleen cells 
from immune mice; i . e . fewer parasitized reticulocytes were needed 
to induce the same proliferation as compared to parasitized mature 
erythrocytes. Protective effects of parasites proliferating in reti-
culocytes were not observed during primary infection. This might 
be explained by the fact that parasitemia develops very rapidly, 
and that the mice die even before a protective immune reaction be-
comes operative. 
Immunoblotting was introduced to find a molecular basis for the 
protective effects of immune mouse serum observed in opsonization 
experiments. Results revealed that a variety of erythrocyte poly-
peptides was recognized by antibodies induced during infection and 
immunization. The possible effect of these anti-erythrocyte anti-
bodies on the erythron was investigated (Chapter V) . During pri-
mary infection anti-erythrocyte antibodies can be found and ery-
throcytes become coated with immunoglobulins. When eluted from 
cells of infected blood antibodies reactive with a 30 kD molecule 
were recovered. Strong reactivity against the 30 kD molecule was 
also found in the sera of infected mice. Furthermore, antibodies 
against the 30 kD molecule were eluted from normal erythrocytes 
after incubation with immune mouse serum known to contain strong 
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reactivity against the 30 kD molecule. These results suggested that 
the 30 kD molecule was exposed at the membrane of normal erythro-
cytes. In contrast, when using erythrocyte ghost preparations in 
immunoblotting studies the 30 kD protein could not be detected. 
This complicates interpretation of the results, and the possibility 
that immune complexes consisting of anti-30 kD antibodies and anti-
gen are present and react with the erythrocyte surface must be 
contained. Although anti-erythrocyte antibodies are found during 
malaria infection they need not be induced by the parasite directly 
but rather indirectly as the result of a developing anemia. From ex-
perimentally induced anemias it became clear that anti-erythrocyte 
antibodies may be associated with anemia as such. Such antibodies 
can be considered as physiological antibodies that, as suggested by 
other workers, are an essential part of normal erythrocyte physio-
logy. 
The relevance of anti-erythrocyte antibodies to anemia in the 
malaria immune mouse is described in Chapter VI. All immune mice 
tested had antibodies with erythrocyte specificity. The spectrum of 
erythrocyte molecules recognized by immune mouse serum was much 
broader when compared to that found with malarious sera. Some of 
these antibodies might exert pathological effects on the erythron. 
Immune mice were shown to have decreased mean hematocrit values. 
This descrease was dependent on the presence of the parasite, 
since both immune mice that had spontaneously cleared all the para-
sites from the peripheral blood, and immune mice treated with chlo-
roquine to eradicate persisting parasites, had normal mean hemato-
crit values. However, the observed decrease in erythrocyte num-
bers observed in parasite bearing mice can not be explained by 
erythrocyte loss due to parasite proliferation only. It appeared that 
the presence of the parasite in the malaria immune mouse was asso-
ciated with antibody reactivity against a 100 kD erythrocyte mem-
brane polypeptide. Possibly this antibody is partly responsible for 
the observed erythrocyte loss. Transfer of immune mouse serum to 
homologous recipient mice did not reduce mean hematocrit values 
when compared to recipients of normal mouse serum. However, when 
heterologous serum was used, immune serum decreased the mean 
hematocrit value of normal recipient mice significantly. These re-
sults remain compatible with the hypothesis that high levels of phy-
siological antibodies are present in sera of mice immune to malaria 
infection. 
Not only anti-erythrocyte antibodies but also antibodies specif-
ic for parasite dependent molecules were detected in sera of immune 
mice. These antibodies may show specificity for molecules associated 
with certain parasite stages. Using immunofluorescence immune se -
rum reacted specifically with the parasite within the erythrocyte 
throughout the life cycle (Chapter VII). Stage specific fluorescence 
was found associated with the erythrocyte membrane of schizont in-
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fected e ry th rocy tes . This indicated the presence of stage specific 
immunogenic molecules on parasitized erythrocytes (schizonts) . Com-
parable resul ts were obtained using immunoblotting. A variety of 
immunogenic molecules was present dur ing the entire parasi te life 
cycle. In addition, molecules specific for the late developmental p a r -
asite s tages i . e . late trophozoites and schizonts were found. These 
molecules could not be detected after reinvasion. Preliminary expe r -
iments us ing lactoperoxidase katalyzed radio-iodination revealed that 
several molecules were surface labeled. Four molecules were specifi-
cally associated with schizonts i . e . *200 kD, 104-107 kD, 54-56 kD 
and 33-34 kD. Such molecules are likely candidates for malaria v a c -
cines since they are (1) exposed at the erythrocyte surface and (2) 
immunogenic. A molecule with Mr 153 kD was associated with young 
developmental parasi te s t ages . The Mr is comparable to that of a 
Plasmodium falciparum r ing stage antigen. The possible homology of 
the two antigens remains to be determined. In both techniques r e -
activity against normal erythrocyte components could be demon-
s t r a t ed . Fluorescence of uninfected ery throcytes however, might 
also be explained by the presence of soluble malaria antigen de -
posited on the ery throcyte membrane. Since only few erythrocytes 
showed this fluorescence the significance of this is not clear. 
Since all individual immune sera tested reacted strongly with a 
26 kD parasi te dependent polypeptide, and antibodies with specifi-
city for the 26 kD molecule were eluted from infected erythrocytes 
after incubation with immune mouse serum, a polyvalent antiserum 
against the molecule was raised in rabbi ts (Chapter VIII) . Immuno-
fluorescence studies showed that the antiserum reacted specifically 
with the membrane of parasi tes within the ery throcytes throughout 
the life cycle. This confirms resul ts obtained from immunoblotting 
experiments (Chapter VII ) . Upon passive t ransfer the heterologous 
antiserum conferred some protection of mice against infection with a 
low number of parasit ized e ry throcytes , in contrast to immune 
mouse serum. This might be due to differences in epitope specificity 
of the ant isera . The antiserum raised to the 26 kD purified antigen 
recognized also a 24 kD parasi te dependent molecule in immunoblot-
t ing . This suggested the presence of shared epitopes on the 26 kD 
and 24 kD molecules. Since the immune mouse serum recognized the 
26 kD only it probably reacts with a different epitope on the 26 kD 
molecule. Using the rabbit antiserum fluorescence of the ery throcyte 
membrane of infected cells was not found. This is in contrast to 
both , immunofluorescence studies (Chapter VII) and the elution ex -
periments using immune mouse serum. Possibly the antibodies r e -
covered from the infected red blood cells after incubation with im-
mune mouse serum were in fact eluted from free parasi tes in the 
suspension (about 2% of the cell population). Consequently the p r o -
tective activity of the rabbit antiserum is probably due to reactivity 
against merozoites, thus blocking fur ther proliferation. 
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The resul ts of the investigations described in this thesis p ro -
vide evidence that phagocytosis of parasi tes and or parasit ized e r y -
throcytes is one of the defense mechanisms of the host against Plas-
modium berghei infection. Both the complement system and specific 
antibodies produced by the immune system may promote uptake of 
the parasi te and parasitized e ry throcyte . Not all infected e ry th ro -
cytes are recognized by phagocytes . Probably both the e ry th rocy te -
and parasite-developmental stage are of importance to the antigeni-
city of the cell. Phagocytosis of (opsonized) merozoites may also 
play a role in protection. Antibodies directed against e ry throcytes 
found in sera of infected and immune animals do not inevitably lead 
to erythrocyte destruct ion, and they may be of relevance to r e s i s -
tance against malaria infection, too. 
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SAMENVATTING 
Organismen kunnen beschouwd worden als dynamische, functio-
nele eenheden die in balans zijn. Verstoring van de interne balans 
leidt tot reacties die bedoeld zijn om een (nieuwe) evenwichtsituatie 
te bereiken. Wanneer zulke reacties gericht zijn tegen lichaams-
vreemde organismen worden ze afweerreacties genoemd. Dit proef-
schrift beschrijft aspecten van de afweermechanismen van muizen 
die geïnfecteerd zijn met de malaria parasiet, Plasmodium berghei. 
Daar het onderzoek zich beperkt heeft tot erythrocytaire malaria is 
een samenvatting van de immuun-mechanismen tegen erythrocytaire 
malaria gegeven in Hoofdstuk I. 
Een van de a-specifieke afweermechanismen van de gastheer is 
het complement systeem. Interacties tussen het complement systeem 
en de geparasiteerde erythrocyt worden beschreven in Hoofdstuk 
II. Opname van radio-actief materiaal uit een suspensie van radio-
actief gemarkeerde, geïnfecteerde rode bloedcellen door hechtende 
cellen uit de buikholte werd bevorderd door complement. Inactivatie 
van het complement bevattende serum dat in de fagocytose test ge -
bruikt werd verminderde de opname-activiteit. Zowel hitte-inactiva-
tie van het serum, als inactivatie door zymosan behandeling, waren 
effectief. Incubatie van normaal muizeserum met geparasiteerde rode 
bloedcellen verlaagde de hoeveelheid hemolytlsch complement in dat 
serum. Dit in tegenstelling tot incubatie met ongeinfecteerde rode 
bloedcellen uit geïnfecteerde, of ongeinfecteerde dieren. Deze resul-
taten suggereerden dat het complementsysteem geactiveerd werd 
door geparasiteerde rode bloedcellen. Echter, lysis van geïnfecteer-
de rode bloedcellen kon niet worden aangetoond, wat erop wijst dat 
de late complement-factoren niet geactiveerd werden. Complement-
activatie tijdens incubatie van normaal muizeserum met geïnfecteerde 
rode bloedcellen kon slechts gedeeltelijk geblokkeerd worden door 
toevoeging van EDTA. EGTA was niet effectief. Dit wijst erop dat 
tijdens incubatie met geïnfecteerde rode bloedcellen een complement-
remmende of -activerende stof vrijkwam in het serum. Zo'n comple-
ment-remmende stof zou werkzaam kunnen zijn tegen de late comple-
ment factoren waardoor opsonisatie wel plaats zou kunnen vinden, 
maar lysis van de cellen niet. Dit is eerder een aanwijzing voor de 
aanwezigheid van een complement-remmer, dan een -activator. 
Geparasiteerde rode bloedcellen en vrije parasieten kunnen in 
vivo gefagocyteerd worden. Specifieke antilichamen bevorderen dit 
proces (opsonisatie). Experimenten die gedaan zijn om dit in vitro 
te onderzoeken zijn beschreven in Hoofdstuk III. Wanneer vrije pa-
rasieten geincubeerd werden met fagocyterende cellen uit de buik-
holte dan bleek een groot percentage van de fagocyterende cellen 
parasitair materiaal op te nemen. Dit werd niet gevonden na incuba-
tie met fagocyterende cellen uit de milt. Dit suggereert dat vrije 
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parasieten a-specifieke receptormoleculen op buikmacrofagen active-
ren. Kennelijk komen zulke receptoren niet voor op miltmacrofagen. 
Indien geparasiteerde rode bloedcellen geincubeerd werden met 
fagocyterende cellen, dan bleek maar een laag percentage van de 
fagocyten parasitair materiaal op te nemen. Dit is een aanwijzing dat 
maar een paar cellen uit een suspensie van geïnfecteerde rode 
bloedcellen door fagocyterende cellen herkend kunnen worden. Toe-
voeging van serum van immune muizen aan de test bleek het per-
centage fagocyten dat parasitair materiaal opnam te kunnen verho-
gen. Dit werd met name gevonden na incubatie van vrije parasieten 
met fagocyterende cellen uit de milt. In sommige experimenten wer-
den vergelijkbare resultaten verkregen na incubatie met geparasi-
teerde rode bloedcellen. De resultaten suggereren dat fagocyterende 
cellen uit de milt geopsoniseerde deeltjes efficient op kunnen nemen 
door middel van Fc-receptoren. Dit duidt op de aanwezigheid van 
een immunologisch klaringsmechanisme in de milt. 
Uit de tot dusver beschreven resultaten bleek, dat een klein 
en variabel aantal cellen van een suspensie van geïnfecteerde rode 
bloedcellen door macrofagen herkend kan worden. De samenstelling 
van een suspensie van geïnfecteerde rode bloedcellen is bovendien 
erg variabel. Dit geldt zowel voor wat betreft de ontwikkelings-
stadia van de parasiet als die van de rode bloedcellen. Door middel 
van bepaalde technieken kunnen suspensies verkregen worden be-
staande uit parasieten die in jonge rode bloedcellen (reticulocyten) 
leven, of parasieten die in rijpe rode bloedcellen leven. Experimen-
ten waarin afweerreacties tegen deze beide typen geïnfecteerde rode 
bloedcellen vergeleken worden zijn beschreven in Hoofdstuk IV. Ge-
parasiteerde reticulocyten werden door een hoger percentage van de 
macrofagen herkend dan geparasiteerde rijpe rode bloedcellen. Dit 
was echter maar een klein verschil. Uit in vitro opsonisatie experi-
menten bleek dat geparasiteerde reticulocyten beter geopsoniseerd 
werden door immuun muizeserum dan geparasiteerde rijpe rode 
bloedcellen. Het bleek bovendien dat een suspensie van geparasi-
teerde reticulocyten meer jonge parasietstadia bevatte dan een sus -
pensie van geparasiteerde rijpe rode bloedcellen. De resultaten sug-
gereerden dat geparasiteerde reticulocyten antigene determinanten 
hebben die niet aanwezig zijn op geparasiteerde rijpe rode bloedcel-
len. Een andere verklaring kan zijn dat een suspensie van geïnfec-
teerde reticulocyten meer immunogene parasietstadia bevat dan een 
suspensie van geparasiteerde rijpe rode bloedcellen. Vergelijkbare 
resultaten werden gevonden wanneer deze suspensies gebruikt wer-
den om miltcellen van immune dieren te stimuleren. Het bleek dat in 
vergelijking met geïnfecteerde rijpe rode bloedcellen minder geïn-
fecteerde reticulocyten nodig waren om eenzelfde stimulatie van de 
mütcellen te induceren. Tijdens primaire infecties werden geen be-
schermende effecten van geparasiteerde reticulocyten gevonden. De 
verklaring hiervoor kan gevonden worden in het feit dat de parasi-
temie zich zo snel ontwikkelt dat een beschermende immuunreactie 
nog niet op gang is voordat de dieren sterven. 
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Immunoblotting experimenten werden uitgevoerd om een molecu-
laire basis te vinden voor de beschermende effecten van immuun 
muizeserum in opsonisatie experimenten. De resultaten lieten zien 
dat tijdens de primaire infectie en ten gevolge van de immunisatie 
procedure antilichamen gevormd werden die konden reageren met 
een verscheidenheid aan moleculen van normale rode bloedcellen. 
Het effect van deze antilichamen op het erythron werd bestudeerd 
(Hoofdstuk V) . Tijdens de primaire infectie konden anti-rode bloed-
cel-antilichamen gevonden worden, en werden de rode bloedcellen 
bedekt met Immunoglobulinen. Immunoglobulinen die geelueerd wer-
den van cellen van geïnfecteerd bloed bleken te kunnen reageren 
met een molecuul van normale rode bloedcellen. Het molecuul had 
een relatieve grootte van ongeveer 30 kD. Bovendien werden anti-
lichamen met dezelfde specificiteit verkregen na elutie van normale 
rode bloedcellen die geincubeerd waren met immuun muizeserum, 
waarvan bekend was dat het goed met het 30 kD molecuul reageer-
de. Deze resultaten suggereren dat het 30 kD molecuul aan het op-
pervlak van de normale rode bloedcellen zichtbaar was. Echter, 
wanneer membranen van rode bloedcellen (ghosts) gebruikt werden 
in de immunoblotting experimenten, kon het 30 kD molecuul niet 
aangetoond worden. Hierdoor wordt de interpretatie van de resul-
taten moeilijker. De mogelijkheid dat immuuncomplexen, die bestaan 
uit anti-30 kD antilichamen en antigeen aanwezig zijn en met het 
oppervlak van de rode bloedcellen reageren moet opengehouden wor-
den. De anti-rode bloedcel antilichamen die tijdens de primaire 
infectie gevormd worden hoeven niet direct door de parasiet geïn-
duceerd te zijn. Uit immunoblotting experimenten waarin sera van 
anemische dieren werden geanalyseerd bleek dat antirode bloedcel 
antilichamen in verhoogde mate en grotere verscheidenheid aanwezig 
waren. Dus antilichamen die reageren met rode bloedcellen kunnen 
ook het gevolg zijn van bloedarmoede. Zulke antilichamen kunnen 
beschouwd worden als fysiologische antilichamen die, zoals door 
andere onderzoekers gesuggereerd i s , een belangrijke rol spelen in 
de normale fysiologie van een rode bloedcel. 
De relatie tussen de aanwezigheid van anti-rode bloedcel anti-
lichamen en de bloedarmoede in muizen die immuun zijn voor malaria 
is beschreven in Hoofdstuk VI. Alle immune muizen die getest wer-
den bleken antilichamen te hebben die reageren met moleculen van 
normale rode bloedcellen. Sera van immune dieren bleken veel meer 
verschillende rode bloedcel moleculen te herkennen dan sera van 
zieke dieren. Sommige van deze antilichamen zouden schadelijk kun-
nen zijn voor de rode bloedcellen in het dier zelf. Immune dieren 
bleken inderdaad verlaagde aantallen rode bloedcellen te hebben. 
Deze verlaging was afhankelijk van de aanwezigheid van de para-
siet, want immune dieren die spontaan alle parasieten uit het bloed 
verwijderd hadden, en immune dieren die behandeld waren met 
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chloroquine om alle nog aanwezige parasieten te verwijderen, hadden 
normale aantallen rode bloedcellen. Deze verlaging van het aantal 
rode bloedcellen kan niet het gevolg zijn van de vermenigvuldiging 
van de parasiet op zich. Voorts bleek dat de aanwezigheid van de 
parasiet in de immune dieren gekoppeld was aan de aanwezigheid 
van antilìchamen die reageerden met een molecuul van normale rode 
bloedcellen dat een relatieve grootte had van ongeveer 100 kD. 
Mogelijk speelt dit antilichaam een rol in de verlaging van het aantal 
rode bloedcellen in immune dieren. Wanneer serum van immune die-
ren overgespoten werd naar dieren van dezelfde inteelt stam (homo-
loog) werd geen verlaging van het aantal rode bloedcellen gevon-
den. Echter, wanneer serum van dieren van een niet-inteelt stam 
werd gebruikt, daalde het aantal rode bloedcellen van de ontvan-
ger-dieren significant. Deze resultaten passen binnen de hypothese 
dat sera van immune dieren hoge titers fysiologische antilichamen 
bevatten. 
Naast antilichamen die reageerden met moleculen van normale 
rode bloedcellen werden ook antilìchamen gevonden die reageerden 
met moleculen die alleen aanwezig waren in geparasiteerde rode 
bloedcellen. Het is mogelijk dat deze antilichamen reageren met rode 
bloedcellen die geinfecteerd zijn met een bepaald stadium van de 
parasiet. Immunofluorescentie experimenten wezen uit dat serum van 
immune dieren specifiek met de parasiet reageerde ongeacht het ont-
wikkelingsstadium (Hoofdstuk VII). Stadium-specifieke fluorescentie 
werd gevonden op of aan de membraan van rode bloedcellen die ge-
infecteerd waren met schizonten. Hieruit werd geconcludeerd dat er 
stadium-specifieke immunogene moleculen aanwezig zijn op geparasi-
teerde rode bloedcellen (schizonten). Vergelijkbare resultaten 
werden verkregen uit immunoblotting experimenten. Een verschei-
denheid aan immunogene moleculen was aanwezig in alle ontwikke-
lingsstadia van de parasiet. Bovendien werden er immunogene mole-
culen gevonden die specifiek waren voor oudere parasieten met pame 
oude trofozoiten en schizonten. Deze moleculen waren niet meer aan-
wezig na reinvasie. Voorlopige resultaten uit experimenten waarin 
oppervlakte markering werd gebruikt (door lactoperoxidase gekata-
lyseerde jodering) toonden aan dat verschillende oppervlakte mole-
culen gemarkeerd konden worden. Vier van deze moleculen waren 
specifiek voor het schizontstadium. Deze moleculen hadden een re-
latief molecuulgewicht (Mr) van »200 kD, 104-107 kD, 54-56 kD en 
33-34 kD. Dergelijke moleculen zijn geschikte candidaten voor een 
malaria vaccin, omdat zij (1) aan het oppervlak van de cel zichtbaar 
zijn, en (2) specifieke immuunreacties induceren. Een molecuul met 
een Mr van 153 kD was specifiek voor erythrocyten geinfecteerd met 
jonge parasieten. Deze Mr is vergelijkbaar met die van een antigeen 
dat specifiek is voor ringstadia van Plasmodium falciparum · Of beide 
antigenen vergelijkbaar zijn moet nog vastgesteld worden. Resulta-
ten uit beide technieken toonden aan dat immuun serum reactiviteit 
tegen normale rode bloedcellen bevat. Fluorescentie van ongeinfec-
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teerde rode bloedcellen kan echter ook verklaard worden door aan 
te nemen dat parasi tair materiaal aan het oppervlak van de rode 
bloedcel hecht . Daar maar een enkele ongeinfecteerde rode bloedcel 
fluoresceerde is de betekenis van dit fenomeen niet geheel duidelijk. 
Alle individuele sera van de geteste immune dieren reageerden 
s terk met een parasiet-afhankelijk molecuul dat een Mr van 26 kD 
had. Antilichamen met eenzelfde specificiteit konden geelueerd wor-
den van geïnfecteerde rode bloedcellen die geincubeerd waren met 
serum van immune dieren. Om deze redenen werd in een konijn een 
antiserum tegen het 26 kD polypeptide gemaakt (Hoofdstuk VIII) . 
Uit immunofluorescentie experimenten bleek dat het antiserum rea-
geerde met de membraan van de parasiet ongeacht het ontwikke-
lingsstadium. Hiermee werden resultaten uit immunoblotting exper i -
menten bevestigd (Hoofdstuk VII) . In tegenstell ing tot immuun 
muizeserum kon het konijn-antiserum een infectie met een laag aan-
tal parasieten volledig blokkeren door het voor de infectie in te 
spui ten. Dit kan te wijten zijn aan verschillen in antigene speci-
ficiteit tussen de beide ant isera . Het antiserum opgewekt tegen het 
26 kD polypeptide reageerde in immunoblotting experimenten ook met 
een 24 kD parasiet-afhankelijk molecuul. Dit wijst op de aanwezig-
heid van gemeenschappelijke determinanten op het 26 kD en het 24 
kD molecuul. Daar immuun muizeserum alleen met het 26 kD molecuul 
reageerde herkende het waarschijnlijk een andere determinant op 
het 26 kD molecuul. Met het konijn-antiserum kon geen fluorescentie 
van de rode bloedcel membraan van geïnfecteerde rode bloedcellen 
aangetoond worden; dit in tegenstelling tot resul taten uit de 
immunofluorescentie (en immunoblotting) experimenten met immuun 
muizeserum. Mogelijk waren de antilichamen die geelueerd werden 
van geïnfecteerde rode bloedcellen na incubatie met immuun muize-
serum, in feite afkomstig van de vrije parasieten die in de suspen-
sie aanwezig bleken te zijn (ca. 2% van het totaal aantal cellen). De 
beschermende activiteit van het konijn-antiserum is dus waarschijn-
lijk te wijten aan reactiviteit tegen vrije parasieten (merozoiten). 
De resul taten van de onderzoekingen die in dit proefschrift 
beschreven zijn, laten zien dat fagocytose van vrije parasieten en 
van geparasi teerde rode bloedcellen, een van de afweermechanismen 
van de gastheer tegen Plasmodium berghei infectie i s . Zowel het 
complementsysteem als specifieke antilichamen die geproduceerd wor-
den door het immuunsysteem bevorderen de opname van de parasie-
ten en geparasi teerde rode bloedcellen door macrofagen. Niet alle 
geïnfecteerde rode bloedcellen worden door fagocyterende cellen 
herkend. Waarschijnlijk bepaalt het ontwikkelingsstadium van zowel 
de parasiet als de rode bloedcel de antigeniciteit van de cel. 
Fagocytose van (geopsoniseerde) merozoiten is waarschijnlijk van 
belang in malaria immuniteit. Antilichamen die gericht zijn tegen 
moleculen van normale rode bloedcellen worden in sera van zieke en 
immune dieren aangetroffen. Deze antilichamen hoeven niet tot v e r -
nietiging van rode bloedcellen te leiden. Zij kunnen van belang zijn 
voor bescherming tegen malaria infectie. 
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ABBREVIATIONS 
Ab 
ADCC 
Ag 
APC 
APEC 
ASC 
В 
В cell 
BIO.LP 
BB 
BSA 
С 
(XX) С 
CFF 
СЗЬ 
СЗЫ 
С5 
СВА/Са 
cDNA 
Ci 
Con А 
CRA 
DAB 
DNA 
dp m 
E 
E 405 
E.Ag 
EDTA 
EGTA 
ELISA 
Fe 
FCA 
FCS 
FITC 
h 
HBSS 
HC 
HEPES 
HF 
ig 
IL-1 
IL-2 
IMS 
Antibody 
Antibody dependent cellular cytotoxicity 
Antigen 
Ag presenting cell 
Adherent peritoneal exudate cel l(s) 
Adherent spleen cells 
В cell 
Bursa (-equivalent) derived lymphocyte 
Certain mouse strain 
Blotbuffer 
Bovine serum albumin 
Complement 
Degree Celsius 
Crisis form factor(s) 
Activated third complement component 
Inactivated С 3b molecule 
Fifth complement component 
Certain mouse strain 
Complementary DNA 
Curie 
Concanavalin A 
Immune complex release assay 
Diaminobenzidine 
Desoxyribosenucleic acid 
Desintegration (s) per minute 
Erythrocyte(s) 
Extinction at 405 nm 
Erythrocyte antigen 
Ethylenediamine tetraacetic acid 
Ethylene glycol-bis(B-aminoethyl ether)-NN l-
tetraacetic acid 
Enzyme linked immunosorbent assay 
Crystalizable fragment of immunoglobulin 
Freunds complete adjuvant 
Fetal calf serum 
Fluoresceine isothiocyanate 
Hour(s) 
Hanks balanced salt solution 
Hematocrit 
N-2-Hydroxyethylpiperazine-N,-2-ethanesvLlfonic 
acid 
Helper factor(s) 
Immunoglobulin 
InterleuMn 1 (= lymphocyte activation factor) 
Interleukin 2 (= Τ cell growth factor) 
Immune mouse serum 
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i .p . 
lU 
K+ 
K-
kD 
M 
MIF 
M0 
MAF 
МНС 
min 
MPS 
Mr 
NMS 
O.I. 
PABA 
P.Ag 
PAGE 
Ρ 
Ρ 
P. 
Pc 
PBS 
PE 
PE* 
PEC 
Pf 155 
PHA 
Pi 
PO 
PRET 
R 
RAM 
rpm 
RPMI 1640 
RRBC 
S 
S-antigen 
B.C. 
schiz. 
s.d. 
SDS 
SE 
SEM 
Intraperitoneally 
International unit (s ) 
Parasite line which produces knobs 
Parasite line which does not produce knobs 
Kilo Dalton 
Merozoite 
Migration inhibition factor 
Macrophage 
Macrophage activation factor (= Y interferon) 
Major histocompatibility complex 
Minutes 
Mononuclear phagocyte system 
Relative molecular weight 
Normal mouse serum 
Opsonization Index 
Paraaminobenzoic acid 
Parasite antigen 
Polyacrylamide gel electrophoresis 
Probability 
Free parasite(s) 
Plasmodium 
Plasma cell 
Phosphate buffered saline solution 
Parasitized erythrocyte(s) 
Radioactively labeled parasitized erythrocyte(s) 
Peritoneal exudate cells 
Antigen present on the membrane of Plasmodium 
falciparum ring stage infected erythrocytes with 
a Mr of 155 kD 
Phytohemagglutinin 
Isoelectric point 
Peroxidase 
Parasitized reticulocyte (s) 
Ring (= immature trophozoite/parasite infected 
erythrocyte) 
Rabbit anti mouse immunoglobulin antiserum 
Revolutions per minute 
Roswell Park Memorial Institute medium, number 
1640 
Rabbit red blood cell(s) 
Schizont infected erythrocyte(s) 
Soluble parasite antigen 
Subcutaneously 
Schizont (s ) 
Standard deviation 
Sodium dodecyl sulphate 
Standard error 
Standard error of the mean 
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SICA 
spec. act. 
SPF 
ss 
SwAR 
Τ 
Tc 
Τ cell 
Th 
Ti 
troph. 
Ts 
U 
VSB 
VSB-M 
v/v 
w/v 
WHO 
Schizont infected cell agglutination 
Specific activity 
Specific pathogen free 
Single stranded 
Swine anti rabbit immunoglobulin antiserum 
Trophozoite infected erythrocyte 
Cytotoxic Τ cell (s ) 
Thymus derived lymphocyte 
Helper Τ cell(s) 
Inducer Τ cell (sj 
Trophozoite (s ) 
Suppressor Τ cell(s) 
Unit(s) 
Veronal buffered saline solution 
VSB supplemented with bivalent metal ions 
Volume per volume 
Weight per volume 
World Health Organization 
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STELLINGEN 
I 
Fagocy tose van geïnfecteerde rode bloedcellen kan weerstand tegen malaria 
infectie niet geheel verklaren. 
II 
De bloedarmoede tijdens een Plasmodium berghci infectie in muizen is 
niet alleen het gevolg van klaringsmechanismen waarin opsoniserende of 
complement bindende antilichamen betrokken zijn. 
III 
Zowel het ontwikkelingsstadium van de parasiet als dat van de gastheercel 
bepalen de immunogeniciteit van de geïnfecteerde rode bloedcel. 
IV 
De resultaten van FAHEY et al. (1984) betreffende de gastheercel prefe-
rentie van bepaalde Plasmodium soorten kunnen ook verklaard worden 
door een stralingsgevoelig effectormechanisme gericht tegen geïnfecteerde 
rijpe rode bloedcellen te veronderstellen. 
FAHEY et al. 1984 Inf. Imm. 44, 151-156 
V 
Het belang van fysiologische reacties en aanpassingen daarvan is ten 
onrechte verdrongen door het idee dat immuunreactiviteit de belangrijkste 
factor is in de relatie tussen gastheer en parasiet. 
VI 
Gezien de sterke dynamiek van de malaria parasiet is de poging één enkel 
beschermend antigeen te isoleren wel een zeer statische benadering. 
VII 
Het onderdrukken van immunopathologische reacties is een wezenlijk 
onderdeel van malaria immuniteit. 
VIII 
Het is verbazingwekkend dat nu idiolype-antiidiotype interacties algemeen 
geaccepteerd zijn er nog van auto-antilichamen gesproken wordt. 
IX 
De activiteit van het bloedcelvormend weefsel is een belangrijke factor in 
de weerstand tegen malaria infectie. 
X 
Kruisreactiviteit van kraakbeencomponenten en bacteriële bestanddelen is 
een aantrekkelijke verklaring voor de pathogenese van reumatoïde arthritis. 
VAN EDEN et al. 1986 PNAS 82,5117-5120 
XI 
Liposomen zonder ankermolecuul zijn geen goede controle van liposomen 
waaraan via een ankermolecuul een antilichaam gebonden is. 
SALLORD et al. 1986 BBA, 64-75 
XH 
Het is waarschijnlijk dat de remming van exoerythrocytaire malaria vormen 
in vivo door gamma-interferon het gevolg is van macrofaag activatie en 
niet van een effect op de levercellen. 
FERREIRA et al. 1986 Science 232, 881-884 
MEIS et al. 1983 Parasitology 86, 231-242 
XIII 
In het Japanse onderwijs wordt meer aandacht besteed aan de invloed van 
de 17 en 18 e ecuwse 'Hollanders' (Oranda-san) op de wereldhandel dan 
waar ook in Nederland. 
XIV 
Het zou te betreuren zijn als meer begrip van de biologische wetten niet 
tot een dieper respect maar tot meer arrogantie ten opzichte van het leven 
leidt. 
XV 
De wetenschapper is vaak overtuigender dan zijn onderzoeksresultaten. 
Th.P.M. Schetters Nijmegen, October 1986 
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